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BRITISH ECLIPSE TOURS 

The Roya! Astronomical Society and 
the British Astronomical Association 
plan jointly to arrange transportation 
and accommodation for two parties to 
the total eclipse of June 3oth, the 
most favorable event of its kind within 
easy reach of the United Kingdom until 


The belt of totality passes north of 
the Shetland Islands, crosses the Nor- 
wegian coast at Bergen and_ enters 
Sweden some 80 miles north of Gothen- 
burg, thence over the island of Oland 
and on across the Baltic Sea. In the 
Skagerrak, the duration of totality is 21% 
minutes, the belt is 95 miles wide, and 
totality occurs 80 minutes before local 
noon. Weather prospects are poor on 
the west coast of Norway, but moderate- 
ly good on both shores of the Skagerrak 
and on the Baltic coast. 

Dr. A. Hunter, secretary of the RAS, 
writes that there will be one party open 
to about 160 people who can spare 10 
days to see the eclipse, and an air party 
for those who have no more than 24 
hours at their disposal. The main tour 
will leave London on Thursday, June 
24th, going by Swedish Lloyd steamer 
to Gothenburg, Sweden, and thence by 
road to Lysekil, returning by the same 
route to reach London on July 3rd. Five 
nights will be spent in hotels at Lysekil, 
with coaches running northward to the 
central track on the 29th as well as the 
3oth, so that those who wish to set up 
observing apparatus may do so. 

The air party will leave London in 
the early morning of June 30th and 
will fly along the eclipse track north of 
the Shetland Islands, arriving back in 
London the same evening. 

American astronomers and amateurs 
likely to be overseas during the summer 
and wishing to participate in either of 
these tours are invited to communicate 
immediately with the Assistant Secre- 
tary, Royal Astronomical Society, Bur- 
lington House, London W.1, England. 


RESOLVING POWER 
OF THE EYE 


The dependence of the resolving 
power of the human eye upon the 
orientation of the test object has re- 
cently been studied in the laboratory by 
H. Leibowitz, of the University of Wis- 
consin. His tests with gratings show that 
resolving power averages seven per cent 
greater when the lines of the gratings 
are horizontal or vertical than when they 
are inclined. This difference increases 
with pupil diameter, but appears inde- 
pendent of the level of illumination. 
The results, published in the October 
Journal of the Optical Society of 
America, may have astronomical sig- 
nificance in connection with visual ob- 
servations of close double stai; or fine 
Planetary detail. 
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1954 ECLIPSE PHOTOGRAPH 
COMPETITION 

For amateur observers in the United 
States and Canada, Sky and Telescope 
will conduct an eclipse photograph com- 
petition. The prizes will be $20, $10, 
and $5, respectively, for the three best 
photographs by different observers of 
the total solar eclipse on June 30, 1954. 
The pictures may be made from inside 
or outside the path of totality, with any 
combination of instruments and acces- 
sories. 

An additional prize of $10 will be 
awarded for the best special-interest 
photograph of any subject related to 
the eclipse, such as the observing sites, 
equipment, groups of people, and so on. 

Also, not more than five honorable 
mentions will be awarded. 

Anyone except professional astrono- 
mers may enter the contest and may sub- 
mit any number of photographs. En- 
tries will be judged by the editorial staff 
of Sky and Telescope on the basis of com- 
bined pictorial and scientific excellence, 
with credit given for originality and re- 
sults obtained in relation to size of equip- 
ment. 

All prints submitted must be black 


and white, suitable for reproduction. 
These may be contact prints or enlarge- 
ments, single photographs, pictures cut 
and mounted to form a sequence, series 
shots, series of motion picture frames, 
and so forth. Each picture must be ac- 
companied by information on the equip- 
ment used, exposure data, special tech- 
niques, darkroom procedure, and other 
pertinent notes on the observing pro- 
gram. 

Entries must reach the office of Sky 
Publishing Corporation, Harvard Col- 
lege Observatory, Cambridge 38, Mass., 
not later than Wednesday, July 21, 
1954. It is suggested that from distant 
points air mail special delivery be used 
to meet this deadline, to avoid delay or 
damage in the mails. Contest entries 
must be clearly marked to distinguish 
them from other photographs and ac- 
counts of eclipse experiences that are 
submitted for possible public:tion. 

The winning pictures will be published 
in our September issue. Other entries 
will be returned to the sender if ade- 
quate return postage is provided, but 
Sky Publishing Corporation cannot be 
responsible for the safe return of such 
entries. 





Vor. XIII, No. 3 CONTENTS JANUARY, 1954 

COVER: The Arthur J. Dyer Observatory, of Vanderbilt University, situated in 
the Brentwood Hills 10 miles south of Nashville, Tenn. The 24-foot dome 
houses a 24-inch reflector that will be used with a Baker reflector-corrector 
as a wide-angle camera. Photograph by Ken Spain. (See page 72.) 


THE NEW ARTHUR J. DYER OBSERVATORY — Carl K. Seyfert ................ 72 
MEBRRGUIY PIRANSEE TROUINDIUP ois ssscsscsscccccsccsessscsscssceneiziceasscssonscuscequsssvascssrecseateavseses 75 
EDWIN HUBBLE — OBSERVATIONAL COSMOLOGIST —N. U. Mayall ...:.. 78 
WHITE DWARFS — II — Otto Struve oo... cccsceeerecetseeseeeeceneceecetacesesereeeaseeeees 82 
GRAPHIC TIME TABLE OF THE HEAVENS — 1954 

— Maryland Academy of Sciences .............ccsccssccsscesseessecseesssessecseessceseceeteeeeeaeeeaees 85 
Amateur Astronomers ..................0 89 ING IN NGA oo veda sanseivnicececiisnconstiencen 717 
Books and the Sky ........ccccccsee 92 CORMGN CORR PAG onc scissscisiccncsscscecisnse 99 
Gleanings for ATM’ ..............0:c00 95 Planetarium Notes .............c:cccceee 102 
Here and There with Amateurs .... 88 SHY Wii TRCMGR oasis sssesisessccssccssnsecs 91 
GUNG ccasctcessscosssiscatesscniscesecsssoogisestiaeks 74 Sava foe TAMUSEY: 5....-..6cccccccsessaccesses 103 








SKY AND TELESCOPE is published monthly by Sky Publishing Corporation, Harvard College 
Observatory, Cambridge 38, Mass. Entered as second class matter, April 28, 1939, at the Post Office, 
Boston, Mass., under Act of March 3, 1879; accepted for mailing at the special rate of postage 
provided in Paragraph 4, Section 538, Postal Laws and Regulations. 


Subscriptions: $4.00 per year in the United States and possessions; $7.00 for two years. Add 
$1.00 per year for Canada and for all other foreign countries, including those in Latin America, 
making the total subscription $5.00 per year and $9.00 for two years. Canadian and foreign remittances 
should be made in United States currency. Single copies, 35 cents, foreign 45 cents. Circulation staff: 
Nancy R. Bolton, manager; Virginia K. Cox. 

All notices of change of address must be sent one month in advance and accompanied by old 
and new addresses, or we cannot make the preper change. When sending your renewal order, or writing 
in regard to your subscription, your current mailing address must be viven. For most efficient handline 
of your subscription, please return our bill form with your renewal payment. 

Editorial and advertising offices: Harvard College Observatory, Cambridge 38, Mass. Unsolicited 
articles and pictures are welcome, bearing adequate return postage, but we cannot guarantee prompt 
editorial attention, nor are we responsible for the return of unsolicited manuscripts. 

The principal articles in SKY AND TELESCOPE, beginning with Vol. XII, are indexed in 
THE READERS’ GUIDE TO PERIODICAL LITERATURE. 

= 
January, 1954, SKY AND TELEscope, 71 








em aoe 
eerie ee 








The author here stands at the projector in the center of the planetarium chamber, which is formed by a 22-foot steel 
dome, the lower four feet of which may be raised flush with the ceiling when the room is used as a lecture hall. The 
Barnard Astronomical Society holds its meetings in this room. All photographs with this article are by Ken Spain. 


The New Arthur 3 . Dyer Observatory 


By CARL K. Seyrert, Vanderbilt University 


ARLY in March of 1946, the 
writer received a telegram from 
Vanderbilt University in Nash- 

ville, TYenn., stating that they had a 
telescope mirror and were looking for 
an astronomer to go with it. Snow was 
still on the ground in Cleveland, Ohio, 
where I had been working at the War- 
ner and Swasey Observatory for four 
years. Astronomers don’t often have a 
chance to go south when the weather 
is dreary, and I welcomed the opportu- 
nity for a pleasant trip. 

In Nashville, the grass was green, 
birds were singing, and roses were 
blooming. Added to nature’s attractions, 
the opportunity offered by Vanderbilt 
appealed to me so much that I accepted, 
arriving in Nashville with my family in 
September. 

On the university campus, there was 
a small observatory, named for Edward 
Emerson Barnard, housing a_ 6-inch 
Cooke refractor and a 4-inch meridian 
circle. During the war years Vander- 
bilt had been given a 24-inch telescope 
mirror by the Ferguson family of Cleve- 
land, on the condition that ways and 
means be found to build a_ telescope 
around it and a modern observatory to 
house it. The finding of these “ways 
and means” provided me for the next 
six years with the most exciting, some- 
times heartbreaking and certainly back- 
breaking days of my life. What spurred 
me on more than anything else was the 
warmhearted generosity of the people 


72 Sky AND TELESCOPE, January, 1954 


who helped us with our dream. Eighty 
firms and individuals, mainly in Nash- 
ville, co-operated in the new observatory 
project. 

The campaign began with lectures on 
astronomy and the proposed observatory 
to various civic groups. There was al- 
ready considerable interest in astronomy 
in Nashville since Barnard, the noted 
astronomer, had been born here. 

After three years, such lecturing be- 
gan to pay off. Following a talk at the 
Rotary Club, Arthur J. Dyer, founder 
of the Nashville Bridge Co., asked how 
to build a sundial for his home in Brent- 
wood, a suburb of Nashville. I sup- 
plied him with the necessary information. 
This was probably the most expensive 
sundial ever built, since Mr. Dyer, for 
whom the observatory is named, and 
his bridge company became our largest 
contributors. 

Mr. Dyer, a most energetic octo- 
genarian, walked with me over most 
of the hills in and around Davidson 
County searching for the most suitable 
site. We found an ideal location con- 
sisting of a flat hilltop 1,100 feet high 
and nine acres in extent, in the Brent- 
wood Hills 10 miles south of Nashville. 
Howard Gardner persuaded his brother, 
Carl, owner of the property, who lived 
in Morristown, N. J., to donate the 
land for the observatory site. 

A road was the next problem, since 
the hilltop was more than a mile from 
the highway. The Oman Construction 


Co. agreed to use its machines and 
do the grading as a gift in memory of 
John Oman, Jr. Metal culverts were 
donated by another concern, dynamite 
by another, equipment and labor for 
blasting by a fourth, a black-top sur- 
face by still another, and _ finally the 
gravel topping by a sixth organization. 
The Nashville Electric Service Co. in- 
stalled 2,000 feet of power line to the 
top of the hill as a gift. 

In Chattanooga, Tenn., there lived 
a friend of mine, the late Clarence T, 
Jones, an amateur astronomer of some 
note. He was an architect and had 
built and donated to the university there 
a very fine small observatory. He and 
his son, Bruce Jones, agreed to prepate 
the plans and engineering drawings for 
the observatory at a very nominal sum. 

By this time it had become apparent 
that the cost of construction of the 
servatory itself would be prohibitive 
if the building were to be built in the 
usual fashion, so Mr. Dyer and I began 
calling on some of our friends. We 
were successful in obtaining all the 
sand and gravel, the bricks, the rei 
forcing steel, the electrical materials 
and their installation, all the hardware, 
form lumber, tile pipe, steel sash, glass 
and glazing. The m’xing and delivery 
of concrete, four carloads of slag from 
Birmingham, Ala., for the concrete 
blocks, the construction of the blocks 
themselves, the trucking of the sand and 
gravel, and a large septic tank were all 
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procured without cost. Jack Lee, of the 
Rock City Construction Co., agreed to 
do the general contracting for the proj- 
ect without any charge for overhead, 
but he insisted on a profit to his com- 
any of one dollar! Mr. Dyer and the 
Nashville Bridge Co. contributed the 
24-foot revolving dome of %-inch steel 
plate for the telescope and the 22-foot 
steel planetarium dome in the audito- 
rium. 

The co-operation of the people of 
Nashville was heartwarming. Shortly 
after a radio talk on my favorite sub- 
ject, a telephone call came from a man 
| had never met. “Do you have your 
plumbing fixtures ?” he wanted to know. 
I said we didn’t. He told me to come 
down the next day and he would give 
me all the necessary fixtures. With 
these in hand, figuratively speaking, I 
next went to a plumbing contractor, 
who agreed to install all the fixtures 
without charge. The whole project 
snowballed in this fashion. My catch 
phrase to prospective contributors be- 
came, “I know you won’t want to be 
left out of this project.” My wife warned 
me that someday someone might say, 
“Oh, yes I do.”” But no one ever did. 

One unusual gift was that of a 50- 
foot hole in the ground presented by a 
well digger as the start of a 200-foot 
well. Unfortunately neither water nor 
oil was struck, and rain water is now 
caught on the roof area of the observa- 
tory, filtered, and stored in a 28,000- 
gallon cistern. 

The mounting of the telescope was 
constructed by the J. W. Fecker Co., of 
Pittsburgh. The instrument itself con- 
sists of a combination 24-inch reflector 
and wide-angle Schmidt-type camera. In 
this latter form, the telescope will be of 
anew design invented by Dr. James G. 


* 





The road leading from the main high- 
way to the Arthur J. Dyer Observatory. 


Baker, research associate of the Har- 
vard Observatory. 

The Baker reflector-corrector, as it is 
called, consists of an annular correcting 
plate with a low-power lens centered in 
the annulus and placed at about the 
position normally occupied by the Cas- 
segrain secondary in a conventional re- 
flector. Thus the starlight, after passing 
through the annular correcting plate, is 
reflected from the mirror back through 
the central lens to a focus at the center 
of the uppermost end of the tube. The 
photographic plate is placed at this point. 
The reflector-corrector lens transforms 
the narrow-angle reflecting telescope into 


a fast wide-angle, flat-field instrument. 
Since this new telescope uses a para- 
bolic primary, rather than a spherical 
mirror as in the case of the Schmidt tele- 
scope, it is possible to convert to a con- 
ventional reflector by replacing the re- 
flector-corrector with one of the usual 
secondaries. ‘Thus the telescope will 
have three possible focal lengths: seven 
feet (reflector-corrector), nine feet 
(Newtonian), and 33 feet (Cassegrain- 
ian). This convertible feature and the 
advantages of wide field, flat focal plane, 
and short tube length, make the Baker 
reflector-corrector telescope a unique and 
extremely versatile instrument. 

During the dark of the moon, the 
telescope will be used with the reflector- 
corrector to photograph the Milky Way 
in a program designed to improve our 
knowledge of the structure of the galaxy. 
During the bright of the moon, when 
the fast-camera feature is least useful, 
the reflector-corrector will be removed, 
a Cassegrain secondary put in its place, 
and a photoelectric cell attached at the 
lower end of the tube. With this ar- 
rangement, studies will be made of the 
precise light variation of eclipsing stars 
for the determination of masses, diame- 
ters, and densities of these double sys- 
tems. This latter work will extend an 
investigation conducted by the writer 
earlier with a 12-inch telescope built by 
John and Ward DeWitt, of Nashville. 

Vanderbilt University furnished the 
funds necessary for the mounting of the 
telescope, and the Research Corporation 
of New York made a grant of $10,000 
available for the optics. The Corning 
Glass Works donated a 24-inch blank 
of optical glass for an objective prism. 
Requests for estimates on the optics were 
sent to various concerns. Perkin-Elmer 
Corp., Norwalk, Conn., submitted an 





REFLECTOR-CORRECTOR ARRANGEMENT OF THE DYER OBSERVATORY TELESCOPE 


In this scale drawing all dimensions are given in inches, and the abbreviations O. D. and C. A. mean outside diameter 
and clear aperture, respectively. The primary mirror is a paraboloid, with a vertex radius of curvature (R-3) 214.50 
inches and focal length 107.25 inches. However, the effective focal length of the telescope in this combination is 81.801 
inches, with optimum correction at 4341 angstroms. The diagonal of the plate is six degrees. The focal plane can be 
moved an inch either way for focusing. The stop is used for photographic purposes only. The surfaces of the corrector 
have the following radii (in inches): R-1, infinite; R-2, aspheric (figured in parallel light to give a flat cutoff); R-4, 39.00 
~.030; R-5, 20.71 +.030; R-6, 228.3 +.30. Surfaces R-1 and R-2 are on 523586 glass; R-4-5, on 617366 glass; and R-5-6, 
on 517645 glass. Their thicknesses are R-1-2, 0.90 +.10; R-4-5, 0.49 +.02 (at vertex); and R-5-6, 1.062 (at vertex). When 
the telescope is used as a Newtonian or Cassegrainian, the corrector plate is swung out of the way and replaced by a 


secondary mirror. 


The first article in “Amateur Telescope Making — Book 3,” edited by Albert G. Ingalls, is by Dr. 
James G. Baker, who describes there the advantages of this reflector-corrector design. 
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The director’s residence on the grounds of the Dyer Observatory. 


estimate of When informed 
that our funds were not sufficient, Rich- 
ard Perkin, the head of the company, 
sent Vanderbilt University a check for 
which added to the $10,000 
grant from the Research Corporation, 
Perkin-Elmer con- 
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$5,000, 
enabled us to have 
struct the optics. 
Of course, it takes more than bricks 
and plumbing to build an observatory. 
‘The necessary funds to purchase the ma- 
terials that could not be obtained as 
gifts and to pay for the actual labor of 
construction were contributed jointly 
by Mr. Dyer and Vanderbilt University. 
Finally, a grant of $12,000 from the 
National Foundation assured 
the success of the whole project, the 
total valuation of which is in excess of 


Science 


a quarter of a million dollars. 

At the end of March, 1952, after six 
vears of planning, hoping, and_ strug- 
gling, the actual construction of the only 
graduate research observatory south of 
the Ohio River from eastern Virginia 


to western Texas was begun. During 
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The layout of the lower floor of the 
observatory. The observing chamber 
and darkroom are on the second floor. 
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most of the construction my family and 
I lived in our house trailer on the site. 
As the observatory neared completion 
and the cold weather approached we 
scarcely waited for the building to be 
roofed over before moving into it, while 
construction was begun on the residence. 
In the meantime the historic Barnard 
Observatory had been torn down to 
make way for a new university dining 
hall, and the bricks were used in the con- 
struction of the residence. 

The observatory houses, in addition 
to three offices, a visiting astronomer’s 
apartment, a shop, an air-conditioned 


darkroom adjoining the observing dome 
a 70- by 24-foot auditorium which js. 
combination lecture hall, library. al 
planetarium. The planetarium cons 
of a 22-foot steel hemisphere, the lowe: 
four feet of which can be raised or Joy. 
ered; when the room is used as 
auditorium the dome is raised to ceili: 
height. The planetarium _ instrumep; 
was constructed in the shops of the Va. 
derbilt school of engineering. The x 
search library, which can be closed of 
from the rest of the auditorium by a 
accordion door, contains a fine colle. 
tion of astronomical publications. The 
publications of the Arthur J. Dyer Qh. 
servatory have already begun. Reprint 
Nos. 1 and 2 have been distributed, 

The new observatory will be open t 
the public at regular intervals for popy. 
lar lectures, planetarium shows, and ob. 
servations through the telescope. It js 
hoped that many astronomers will ayail 
themselves of the visiting astronomer: 
apartment. 

The dedication of the observatory ané 
its telescope is scheduled for December 
27, 1953. Representatives of the & 
firms and foundations which donated 
more than $200,000 in services, mate. 
rials, and money, have been invited to b: 
present when Mr. Dyer, representin; 
the original contributors, presents th: 
observatory to Vanderbilt University. 
The three days following the dedicatic 
are being devoted to the annual winte: 
meeting of the American Astronomical 
Society. 





LETTERS 
Sir: 

I have been asked by several profes- 
sional and amateur astronomers to com- 
ment on the star list published by Comdr. 
Edwin A. Beito, of the U. S. Naval Acad- 
emy, in the March, 1953, number of Nav- 
igation, which is referred to by Dr. Dorrit 
Hoffleit in the August News Notes of 
Sky and Telescope. This list contains 
proper names and the Bayer designations 
of the 57 selected stars of the Nautical 
Almanac and Air Almanac. Several 
changes in spelling have been made, such 
3etelgeux, which help 
to make the list more nearly correct 
and more acceptable. Other names, how- 
ever, have been gratuitously coined, and 
still others have been wrongly assigned to 


as Betelgeuse for 


the stars. 

There is a great and, in most cases, a 
very ancient tradition behind star names, 
which can be appreciated by anyone who 
will give a little thought and study to the 
subject. The amateur takes a_ certain 
amount of pride in being able to ca!l the 
stars by their proper names, and the pro- 
fessional astronomer writes his learned and 
technical Pleione, Arcturus, 
Algol, and Procyon. Several names, 
such as Acrux and Miaplacidus, were fab- 
ricated over a century ago, and may weil 
remain on our lists. But I sincerely and 
strenuously object to anyone taking upon 


papers on 
star 
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himself the authority to begin a new era 
of star naming. Let us use the names that 
haye come down to us through the cen- 
turies and be content with them. 

Without further discussion, I 
mend the following: 

1. The following names should be delet- 
ed because they are simply meaningless 
fabrications: Ankaa for a Phoenicis, Avior 
for ¢ Carinae, Gacrux for y Crucis, Men- 
kent for @ Centauri, and Atria for a Tr- 
anguli Australis. 

2. Suhail for \ Velorum should be delet- 
ed because it is the Arabic name of Cano- 
pus, and, without a modifying adjective, is 
not the name of any other star. 

3. Peacock for a Pavonis should be 
deleted because it is the translation int 
English of the name of a modern con 
stellation, not the name of a star. 

4. Al Na’ir for a Gruis should be deleted 
because alone it is not the name of aly 
specific star. In Arabic it simply meas 
“the bright one.” 

5. Hadari (not Hadar) for 8 Centaur 
should be retained because it is one of th’ 
most ancient Arabic star names. It is pro- 
nounced Hah-dah-ree, with the accent 0! 
the second syllable. I have submitted 4 
article on this star name to Sky and Tele- 
scope, in which I show that the name ' 
an imperative verb and not a noun. 

GEORGE A. DAVIS, Jk 
800 M & T Bldg. 
Buffalo 2, N. Y: 
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ORE (HAN 50 reports of the 
M passaze of Mercury across the 

sun on November 14, 1953, have 
already been received by Sky and Tele- 
scope. These list observations by some 
150 people. Favorable weather prevailed 
over most of North America, so that this 
rare event was widely observed. 

The accounts describe the transit as 
viewed with optical means ranging from 
4 20-inch telescope to binoculars, by per- 
sons from California to Massachusetts 
and from Ontario to Argentina. So ex- 
tensive are the reports that it is not pos- 
sible to publish individual letters about 
the transit; this article will instead sum- 
marize some of them. 

On the whole, satisfactory timing was 
carried out by many observers, and about 
150 observations of contact times are 
already in hand; an analysis of these 
will be published in a subsequent issue. 

Good visibility was enjoyed by watch- 
ers from Ontario to Virginia, Georgia, 
and Trinidad. A small region centered 
on New York and Philadelphia was 
overcast, and at Montreal the sun did 
not shine all day. In New England, the 
phenomenon was partly hidden by bro- 
ken cloud. From Ohio westward, re- 
ports generally indicate clear skies, but 
often, as at Chicago, strong winds im- 
paired the steadiness of the telescopic 
images. 

The diversity of instruments used to 
show the transit is matched by the va- 
riety of devices for reducing the sun’s 
glare. ‘These arrangements are well 
worth consideration, for their usefulness 
is not limited to transits alone, but is 
generally applicable to solar observing. 
Especially, they may offer suggestions 
to those who plan to watch the partial 
phases of the solar eclipse on June 30th. 

Many observers employed such stand- 
ard methods as dark filters, Herschel 
wedges, and especially projection of the 
sun’s image through an eyepiece upon a 
screen. Several persons with reflectors 
reversed their prisms, so that only a 
weak external reflection took place, in- 
stead of total internal reflection, thereby 
allowing the use of lighter filters. At 
Wauwatosa, Wis., E. B. Heckenkamp 


David L. Clow, of the 
Denver Astronomical 
Society, photographed 
these portions of the 
6-foot image of the sun 
projected by the 20-inch 
refractor of the Cham- 
berlin Observatory. At 
the right, Mercury 
makes a barely percep- 
tible dent in the sun’s 
limb, just after first con- 
tact. In the center 
frame, it is easily seen, 
and in the third is well 
on the disk. 
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The scene during the transit on the campus of the University of Toronto, 
where members of the Royal Astronomical Society of Canada set up their 
instruments for the public. 


MERCURY TRANSIT ROUNDUP 


placed a Herschel wedge in the usual 
position of the diagonal of his 8-inch 
reflector. C. E. Ott, Norwalk, Wis., 
and Dr. W. A. Calder, at Bradley Ob- 
servatory, Decatur, Ga., worked with 
unsilvered mirrors in their reflecting 
telescopes. 

Another procedure, followed by T. J. 
Ogburn, III, Richmond, Va., with a 4- 
inch refractor, utilized a penta-prism 
ahead of the eyepiece. Most of the light 
entering the first surface of this prism 
is harmlessly transmitted out of the op- 
tical system; the remaining light is so 
further depleted by reflection from the 
second surface, which is coated with 
black enamel, that it can be comfortably 
viewed without a shade glass. This 
arrangement is equivalent to three 
Herschel wedges in tandem. 

Equally varied were the ways in which 
observers made use of radio time signals 
in determining contact times. Their 
methods will also prove of value in 
timing occultations and contacts at solar 
The simplest was to place a 


eclipses. 
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short-wave receiver tuned to the WWV 
signals alongside the telescope, and to 





Beaufort S. Ragland, of Richmond, Va., 
timed the transit contacts by photo- 
graphing a railroad watch for the hour 
and minute, and a stop watch for the 
seconds. These pictures show the time 
of second contact, and that the stop 
watch kept good time with the WWV 
signals over an interval including the 
contact. 
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o> adits? OY THE 
This time record was obtained by J. M. Spooner, Gas City, Ind., using CHU 


signals. Each pulse marks a second, with the end of every minute shown by the 
absence of signals, resulting in the smooth appearance of the tracing at the left. 











count the seconds. ‘This requires both 
practice and much care, for the minute 
is easily mistaken, and indistinctness of 
the signals at the crucial time may cause 
loss of the observation. 

A refinement of this basic technique 
was employed by Luc Secretan at Wash- 
ington, D. C., who made a tape record- 
ing of the WWYV signals, with spoken 
signals at contact times. By playing 
back the tape several times he could be 
sure that no misinterpretation of his tim- 
ing had occurred. He also recorded his 
oral comments on the phenomenon, and 
could reconstruct times to which they 
referred. This is a very valuable tech- 
nique which should have widespread ap- 
plication in astronomical observations. 

The same procedure was followed by 
Dr. Calder, with the difference that a 
buzzer was sounded at the moment of 
contact. On playing back this recording, 
he found that the instrumental error did 
not exceed 0.2 second; the uncertainty 
in judging visually the time of contact 
is always greater than this. Related to 
this procedure is J. M. Spooner’s use, 
at Gas City, Ind., of a Brush recorder, 
on whose moving paper strip radio time 
signals were registered, and into which 
he keyed the instants of the contacts. 

Photographs of the transit were made 
by Spooner, Dr. Calder, Secretan, and 
many others. Evidently, satisfactory 
pictures can be obtained with rather 


ben teint 








small telescopes, as was demonstrated by 
P. R. Lichtman, Washington, D. C., 
who used a 3-inch refractor stopped 
down to 1% inches. Working with a 
projected solar image 15 inches in di- 
ameter, he took 1/100-second exposures 
showing images of Mercury about 1/16 
inch in diameter. 

A graphical record of Mercury’s track 
across the sun was obtained without re- 
course to photography by K. Walko in 
Maple Heights, Ohio. He fitted a 
rigidly attached projection screen to his 
8-inch reflector, and placed a reticle in 
the focal plane. Thus he could readily 
bring the sun’s image to the same position 
on the screen, and then mark Mercury’s 
location with a pencil. 

One question which must have oc- 
curred to many in connection with the 
transit is: What is the smallest telescope 
that can show Mercury on the sun? 
While the delicate operation of timing 
the contacts is best carried out with at 
least a 3-inch refractor or a 5-inch re- 
flector bearing fairly high magnification, 
much smaller instruments can give a 
view of the planet during transit. This 
problem was considered by Dr. William 
S. Challman, who observed under favor- 
able conditions at Mt. Vernon, Ind. He 
found that Mercury could not be dis- 
tinguished with either the naked eye or 
hand-held 7 x 35 binoculars, used with 
suitable dark filters. However, the 


At Maple Heights, Ohio, 
Kenneth L. Walko at- 
tached the screen shown 
at the left to his home- 
made 8-inch reflector. A 
short-wave receiver can 
be seen on the box in 
the background. 
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planet was clearly seen in tripod-mount. 
ed aircraft-spotting binoculars of 1%. 
inch aperture and 10 power. Paul W 
Stevens, at Rochester, N. Y., found , 
2-inch, 8x refractor very successful fo, 
demonstrating the transit to the public 
At Toronto, according to E. V. Greep. 
wood, a 2-inch, 40x glass gave fine views 
to many spectators. What is said her 
refers to direct vision and not to pro- 
jection. 

These experiences suggest that , 
mounted instrument of about 14-inch 
or I-inch aperture is about the least that 
would serve. At the next transit, some. 
one should put an iris diaphragm over the 
objective of a small telescope to find more 
precisely the smallest aperture that wil] 
show Mercury on the sun. This experi- 


ment should be tried with several shade ' 


glasses and eyepieces. 

At previous transits of Mercury, ob- 
servers have often called attention to 
the black drop, the dark ligament by 


Mercury just before third contact, near 
the north point of the sun’s limb, photo- 
graphed by Mr. Spooner. 


which Mercury appears to hang from the 
sun’s limb near the beginning or end of 
the transit. Anyone can produce the 
same effect by holding two fingertips to- 
gether close to the eye in front of a bright 
background and slowly separating them. 

Only some of the observers of the 
1953 transit seem to have seen the black 
drop effect. At Baton Rouge, La, 
Dr. D. V. Guthrie and three others ob- 
served the transit by projection with the 
111%4-inch refractor of the Louisiana 
State University. They saw no black 
drop either at ingress, when the seeing 
was excellent, or at egress, when the 
seeing was poor. 

An interesting black-drop observa- 
tion was recorded at the Laws Observa- 
tory, Columbia, Mo. After the black 
drop had broken at second contact, It 
momentarily re-formed in a brief interval 
of good seeing. At the Adler Planetar- 
ium in Chicago, several observers with 
3¥%-inch reflectors had the impression 
that the black drop lasted 20 seconds 
longer with dense filters than with 
light; this point deserves further test at 
coming transits. It is suggested that 


(Continued on page 84) 
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NEWS NOTES 


sTAR FACTORY 


For the past six years astronomers and 
engineers at the Watson Scientific Com- 
puting Laboratory, operated jointly by 
Columbia University and the Interna- 
tional Business Machines Corporation, 
under the direction of Dr. Wallace J. 
Eckert, have been developing a machine 
that is nicknamed “star factory.” It is 
designed to measure the positions of star 
images on photographic plates. Work 
that would take a highly trained human 
observer a week, the machine can do in 
one day, and with four times the ac- 
curacy. 

The “star factory” will handle plates 
as large as 17 inches square having from 
300 to 450 measurable star images. The 
machine is fed IBM cards telling the 
positions known from previous star cata- 
logues. Then it goes to work scanning 
the immediate vicinity of the predicted 
position for a star; when its photoelec- 
tric eye has found and centered on the 
position (to within tenths of a micron), 
it automatically punches the new co- 
ordinates on the cards. These are then 
ready for whatever machine computa- 
tions, such as the determination of prop- 
er motions, the astronomers wish to 
carry out. 


BULGES ON THE SUN’S LIMB 
A recent number of the AAVSO So- 


lar Division Bulletin has two articles on 
distortions of the solar limb. Although 
gifted observers like Secchi reported limb 
distortions in the 19th century, modern 
observations have often been received 
skeptically, mainly because the instru- 
ments used were too small and the see- 
ing conditions unfavorable for revealing 
real effects as small as one second of 
arc. The first of the AAVSO papers 
is a preliminary note by Harry Bondy 
on distortions observed on five dates in 
1951. One of them was seen by two, 
another by four observers widely sep- 
arated geographically. Although the 
significance of these distortions is not 
understood, they did occur at times and 
in areas of other solar activity. ‘Their 
dimensions are not given, but the author 
states that the over-all heights were too 
small to be recorded photographically. 
The other paper, by Dr. M. Wald- 
meier, of Zurich, describes a remarkable 
distortion on March 6, 1953. It ap- 
pears to have been of a different type, 
tor at this time no other solar activity 
such as flares or sunspots was evident, 
and it was larger and of much shorter 
duration than those previously recorded. 
he object on the sun’s limb, unique in 
Dr. Waldmeier’s 20 years’ observing ex- 
perience, was discovered while he was 
adjusting his coelostat half an hour after 
sunrise on a day when observing condi- 
tions were exceptionally fine. Even while 


By Dorrit Horr.Leir 





he was tracing the outline of the sun, 
the size of the “nose” diminished. He 
estimated that his observations lasted 
some 40 seconds; they began at or after 
maximum, and hence the entire phe- 
nomenon could have lasted a few min- 
utes. The height of the nose or wart 
was about 5,000 kilometers. It could 
not have been caused by any terrestrial 
atmospheric effects. In brightness and 
color it was indistinguishable from the 
adjoining portions of the limb. 

No purely solar process seems to ac- 
count for the occurrence, writes Dr. 
Waldmeier. ‘The region of the distor- 
tion was checked with the coronagraph 
at Arosa, where the observations were 
made, but there were no unusual corona 
phenomena and no prominence activity. 
He suggests cautiously that it might have 
been caused by the fall of meteoritic ma- 
terial into the sun, or perhaps the close 
passage of a cosmic body. 


NEW EXTRAGALACTIC 
DISTANCE INDICATORS 


In the British magazine, Observatory, 
C. S. Gum and G. de Vaucouleurs, of 
Australia, report on the possible use of 
certain H-II regions (emission nebulae 
of luminous hydrogen gas) for the de- 
termination of the distances of external 
galaxies. Some of these regions have the 
shape of rings or partial rings, and ex- 
amples in our own galaxy are found in 
Orion, Scorpius, and the Vela-Puppis 








IN THE CURRENT JOURNALS 


MT. WRANGELL EXPEDITION, by 
Arthur Beiser, Physics Today, October, 
1953. “The summit of a dormant volcano 
nearly three miles high and located in 
the wilds of central Alaska—this is the 
unlikely site of a cosmic-ray laboratory 
that was put into operation during the 
past summer.” 

T TAURI AND HIND’S NEBULA, by 
George H. Herbig, Leaflet No. 293, 
Astronomical Society of the Pacific, 
September, 1953. “...the inner and 
outer nebulosities at T Tauri are sig- 
nificantly different in physical condi- 
tions, for reasons we do not now under- 
stand....We are probably witnessing no 
more than the play of light and shadow 
on a relatively fixed curtain of dust 
clouds.” 

THE AGE OF THE UNIVERSE, D. 
ter Haar, Scientific Monthly, October, 
1953. ‘The data...afford, as far as the 
present author can see, one of the 
strongest arguments against the hy- 
pothesis of continuous creation.” 

RADIO WAVES FROM INTERSTEL- 
LAR HYDROGEN, by Harold I. 
Ewen, Scientific American, December, 
1953. “Today listening posts all over 
the world are tuning in on this high- 
pitched monotone at 1420 megacycles, 
and from it they are obtaining a new 
picture of the universe.” 








area. In six galaxies, including the 
Milky Way, they found that the largest 
of these ringlike structures have very 
nearly the same linear diameter, averag- 
ing 85 parsecs in a range of 71 to 92 
parsecs. 

This indicates that we can assume a 
constant linear diameter for the largest 
such object in any external galaxy and 
from its apparent diameter (in seconds 
of arc) compute the distance to the gal- 
axy. If this discovery is substantiated 
by more abundant material, it will aid 
considerably in measuring the distances 
of other star systems. 


HAYDEN PLANETARIUM 


Joseph M. Chamberlain has recently 
been appointed general manager and 
chief astronomer at the Hayden Plane- 
tarium of the American Museum of Na- 
tural History in New York. On the 
staff since 1952, he had formerly taught 
astronomy and meteorology at the Mer- 
chant Marine Academy at Kings Point, 
N. ¥. 

A record year of operation is reported 
by the planetarium for July, 1952, 
through June, 1953, when there were 
509,378 paid admissions. In August 
and December, 1952, and April, 1953, 
attendance exceeded 50,000 each month. 
Not since 1936-37, first full year of the 
planetarium’s operation, had the annual 
figure been so high nor had the 50,000 
mark been reached in monthly attend- 
ance. These figures do not include peo- 
ple attending the courses in astronomy 
and navigation, nor the free junior high 
school program conducted in co-opera- 
tion with the city’s board of education. 


BUTLER UNIVERSITY 
OBSERVATORY AND 
PLANETARIUM 


The largest telescope in Indiana will 
be made for Butler University by the 
J. W. Fecker Co., of Pittsburgh. It 
will be a 38-inch Cassegrainian reflector, 
fork-mounted with an open tube. There 
will be a 5-inch guide telescope and a 
3-inch finder. The instrument will cost 
$48,500 and will be completed in about 
10 months. 

Meanwhile, on a high knoll 200 
yards north of Butler’s main building, 
Jordan Hall, work is being started on 
the observatory building, a gift of J. I. 
Holcomb. The telescope will be housed 
in a dome 24 feet in diameter, its top 
reaching a height of 55 feet. The dome 
will be made of a material new for as- 
tronomical purposes, “cocoon,” a plastic 
developed during the past war. 

The west wing will have an air-con- 
ditioned planetarium chamber seating 
80 persons. In the east wing there will 
be a class and lecture room 24 feet 
square. The central lobby calls for 
elaborate decorative designs based on 
the zodiac. 
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HE FIRST 

eid was definitely recognized to- 

ward the end of 1923 in M31.” 
These words, from Edwin Hubble’s 
book, The Realm of the Nebulae, refer 
to the master key that opened the way 
to measurement of the farthest reaches 
of extragalactic space. With the Ceph- 
eid criterion, he made the first reliable 
survey out to a distance of a million 
light-years. But the late Mount Wilson 
and Palomar Observatory astronomer 


did not stop there. With scarcely a 
pause he went on to fashion two new 
keys, each successively more magical 


for deeper soundings of space. The first 
of these was his estimate of the lumi- 
nosities of brightest stars in spirals; when 
applicable, this led to distances up to six 
million light-years. The second new key 
was the real brightnesses of entire 
nebulae ;* when these were members of 
faint clusters of galaxies, their distances 
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Edwin Hubble 
(1889-1953). 
Photograph 

by Jay Barrie. 


could be measured up to 250 million 
light-years. The limit was reached, on 
100-inch reflector photographs, with the 
faintest recognizable nebulae. If some 
of these were intrinsically bright giants, 
they marked the boundary of the observ- 
able universe at a distance of 500 million 
light-years. 

Directly as a consequence of his use 
of brightest stars in spirals, Hubble 
obtained distances several times more 
accurate than those previously based 
only on diameters or on brightnesses of 
nebulae. By 1929 he had distances for 
18 isolated nebulae and for four in the 
great Virgo cluster. Radial velocities 
by V. M. Slipher were available for all 
these. The two quantities, velocity and 
distance, proved to be closely propor- 
tional: the larger the distance, the 


*The world nebula is used by many astronomers, 
and in this article, to denote other galaxies than 
the Milky Way system. ED. 


+ 380 lake. 





Edwin Hubble 


Cienetional Cosmologist 


By N. U. Maya tt, Lick Observatory 


University of California 


greater the velocity of recession. Sych 
a relationship had to some extent beey 
anticipated by Lundmark and Wir, 
from fewer and less precise data, and by 
de Sitter’s mathematical work using rely. 
tivity theory. But Hubble’s new ap- 
proach clarified an obscure situation and 
laid a firm foundation for a spectacular 


advance involving fainter and more dis. | 


tant nebulae. 

While Hubble measured total bright. 
nesses of galaxies in clusters to obtain 
increasingly greater distances, his col- 
league Milton Humason photographed 
their spectra for the measurement oj 
radial velocities. The results were oj 
unprecedented interest: a. straight-line 
relationship between distances out to 
250 million light-years and velocities of 
recession up to 26,000 miles per second, 
These data were forthwith exploited }) 
theorists into the concept of the expan: 
ing universe. But when apparent veloc:- 
ties for entire stellar systems reached 
nearly one seventh the velocity of light, 
there seemed to be good reason to ask 
if the spectrum measurements reall; 
represented motion, and here Hubble 
again blazed the trail. “Thenceforth he 
preferred the term red shift, a simple 


noncommittal description of _ spectral 
lines displaced toward longer wave 
lengths. 


The observational interpretation of 
red shifts, either as motion or as no mo- 
tion, became for Hubble a central prob 
lem of extragalactic research. He showed 
how such. discrimination might be 
made by counts of nebulae to the faint: 
est possible magnitude limits, provided 
the latter could be accurately specified. 





These notes in Hubble’s observing book record his recognition of the first Cepheid variable in the Andromeda nebula, 
M31, on plate H335H (right), which he took on October 5, 1923, with the 100-inch Mount Wilson reflector. 
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His formulation of the problem indicat- 
ed that the crucial data lay at the dim 
threshold of long exposures taken with 
the 100-inch reflector. From a_ bold 
yse of this instrument to the limits of 
its power, he concluded that red shifts 
may represent. a new phenomenon, 
rather than velocities of recession. He 
was well aware, however, that a more 
powerful telescope was necessary for a 
definitive solution of the problem, and 
his researches on nebulae furnished 
some of the strongest arguments for the 
construction of the 200-inch reflector. 
He actively supported the project from 
its beginning, and it is fitting that he 
made the first photographic observations 
of nebulae with the Hale telescope. 


But Hubble did far more than set up 
a distance scale to follow the mysterious 
red shifts out to an enormously extended 
astronomical horizon. He undertook de- 
tailed, comprehensive studies of the con- 
tents and properties of the vast volume 
explorable with the largest telescope. 
His published writings, which require 
five pages merely to list, include work 
on, reference to, or consideration of 
nearly every aspect of extragalactic re- 
search. He examined nebulae as individ- 
uals, and produced a classification sys- 
tem generally used as the standard. He 
made extensive counts of nebulae on 
plates taken with the large Mount 
Wilson reflectors, and obtained for the 
first time quantitative information on 
the large-scale occurrencé of obscuring 
matter in the galaxy, on the numbers of 
nebulae to successively fainter magni- 
tude limits, on the tendency of nebulae 
to cluster, and on the average density 
of matter in extragalactic space. He 
studied in the nearer systems almost 
every kind of intrinsically bright object 
known in the galaxy: novae, globular 
star clusters, gaseous nebulae, super- 
giant blue stars, red long-period vari- 
ables, and Cepheids. 


By these multifarious researches, 
Hubble revolutionized our knowledge 
of the structure of the universe and be- 
came an outstanding leader in the ob- 
servational approach to cosmology — 
the study of the universe in its broadest 
aspects. Although he regarded himself 
primarily as an observer assembling and 
analyzing empirical data, there is abun- 
dant evidence in his writings that, from 
the very beginning of his astronomical 
career, he took the widest possible view 
of the relationship of his investigations 
to the general field of cosmology. Even 
in his thesis (1920), written when the 
nature of nebulae as extragalactic systems 
had not yet been established, he con- 
jectured: “Suppose them to be extra- 
sidereal and perhaps we see clusters of 
galaxies; suppose them within our 
system, their nature becomes a mystery.” 
Then, in his first detailed paper (1925) 
on an extragalactic system (NGC 
6822), whose distance he obtained from 


The first 200-inch photograph, taken 
January 26, 1949, when the seeing was 
poor, of the variable nebula NGC 2261, 
which involves the star R Monocerotis. 


the Cepheid criterion, he wrote: “The 
principle of the uniformity of nature 
[implied by the Cepheid period-lumi- 
nosity law] thus seems to rule undis- 
turbed in this remote region of space. 
This principle is the fundamental as- 
sumption in all extrapolations beyond 
the limits of known and observable 
data, and speculations which follow its 
guide are legitimate until they become 
self-contradictory.” 

As his rapid exploration proceeded, 
his point of view became still more gen- 
eral to keep pace with the enlarging 
field of operation. Thus in his Halley 
lecture (1934) and later in his book 
(1936) he considered a great sphere of 
500 million light-years radius as the 
“observable region.” If this volume, 
he repeatedly emphasized, is a “fair 
sample,” then by the principle of the 
uniformity of nature, we may _ infer 
something of the properties of the uni- 
verse as a whole. While this philosophy 
of research may have had a somewhat 
mystical quality, it nevertheless rep- 
resented a definite break with the past. 
Before Hubble, abstract metaphysical 
reasonings were the rule; after him, 
cosmology was brought down to earth 
with a wealth of observational data, 
much of which he had collected and 
systematized. 

Hubble regarded his work as a “pre- 
liminary reconnaissance” of space. In a 
sense it was an architect’s initial set of 
plans, subject to alterations, additions, 
and an eventual filling-in of more de- 
tails. It is remarkable, however, the 
degree to which he anticipated and pro- 
vided for future developments. One of 





the most important of these is, of 
course, the extragalactic distance scale, 
which currently is undergoing a major 
re-examination with the probability 
that all of Hubble’s distances may be 
doubled. It would be wrong, however, 
to assume that his distances were “in 
error.’ He made plain from the be- 
ginning that his unit of distance was 
that of the Magellanic Clouds, in which 
the Cepheid criterion was discovered by 
Henrietta Leavitt, of the Harvard Ob- 
servatory. In fact, one of the reasons for 
doubling extragalactic distances traces 
back to Hubble’s work (1932) on the 
globular clusters he discovered in M31. 
He found their luminosities fainter by 
an average factor of nearly 4, when 
compared with globular clusters in our 
galaxy. The discrepancy persisted for 
20 years, until the  200-inch reflector, 
used expertly by W. Baade, gave inde- 
pendent evidence that the Andromeda 
nebula probably should be assigned a 
two-times greater distance. 

An important problem in extra- 
galactic research that barely resisted 
attack by Hubble was the resolution of 
elliptical nebulae. There are a number 
of references in his papers, generally 
footnotes, to the starlike objects around 
the periphery of the bright elliptical 
nebula, M87, in the Virgo cluster, but 
he never regarded these objects as in- 





Edwin Hubble — 1889-1953 


ORN on November 20, 1889, in Marsh- 
field, Mo., Edwin Hubble took a 
degree at the University of Chi- 
cago in 1910, where he became inter- 

ested in astronomy. He studied law 
as a Rhodes scholar for two years, 
and practiced in Louisville, Ky., after 

his admission to the bar. But in 1914 

his deep interest in astronomy caused 

him to return to the University of 

Chicago for graduate study, and he re- 
ceived his Ph.D. degree in 1917. Enlist- 
ing in the U. S. Army’s first Officer Train- 
ing Corps, Dr. Hubble completed his 
service in World War I as a major. Fol- 
lowing this he joined the staff of the 
Mount Wilson Observatory, where he re- 
mained except for three years from 1942 
to 1945 spent at the Aberdeen Proving 
Ground in ballistics work. He received 
the Medal of Merit in 1946 for outstand- 
ing contributions to the war effort. 

Dr. Hubble’s scientific work is de- 
scribed in the accompanying article by Dr. 
N. U. Mayall. His astronomical accom- 
plishments won world-wide recognition — 
he received five honorary degrees from 
colleges and universities here and abroad, 
and was awarded the Barnard, Bruce, and 
Franklin medals, and the Gold Medal of 
the Royal Astronomical Society, among 
others. 

His civic activities included serving as 
a trustee of the Huntington Library and 
Art Gallery, and as a member and past 
chairman of the Los Angeles Committee 
on Foreign Relations. Dr. Hubble’s death 
from a cerebral thrombosis occurred on 
September 28, 1953. 


E:S. 
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On the back of this negative print of a 100-inch photograph, Dr. Hubble wrote 

the comment reproduced here. The picture shows NGC 3187 (left) and NGC 

3190. The latter was his test case for deciding whether spiral arms are trail- 
ing or not; note the faint outer arms on this long exposure. 


dicative of the resolution of the nebula 
into stars. In the case of M32, the 
elliptical companion near M31, _ he 
has described it as “smooth and feature- 
less, without the slightest suggestion of 
resolution.” The closest he came to suc- 
cess was with NGC 205, another 
elliptical companion of M31. For this 
system he stated in his book, “Very faint 
stars are more numerous than would be 
expected for foreground stars alone, and 
some of them may be associated with 
the nebula.” 

Only these brief notes are in the 
printed record, as befits a cautious ob- 
server well acquainted with the limita- 
tions of his data. But once in conversa- 
tion he drew out his best 100-inch plate 
of NGC 205, taken in 1921 on the 
slow Seed 30 emulsion, and remarked 
that his judgment as to possible resolu- 
tion depended on what he “had for 
breakfast”! 

In a later triumph of telescopic tech- 
nique, Baade resolved with the 100-inch 
all the members of the M31 group, in 
connection with his significant work on 
the recognition of two distinct types of 
stellar populations. The principal ma- 
terial consisted of long exposures on fast, 
red-sensitive plates, taken during the 
war years when sky glare from city 
lights was at a minimum. The resolu- 
tion of NGC 205 proved so easy in red 
light, however, that Baade also tried a 
modern, fast, blue-sensitive emulsion. 


His published description (1944) of 
this photograph parallels Hubble’s im- 
pression. ‘The plate reveals incipient 
resolution of NGC 205 quite unmis- 
takably; but the prevailing pattern is 
still very soft, and the smallest elements 
are not yet stars but small-scale fluctua- 
tions in the stellar distribution. The 
resulting impression is very irritating 
to the eye. The nebulosity has lost its 
amorphous character, but nothing defi- 
nite has yet emerged.” 


To have known Hubble as a friend 
and neighboring senior colleague is an 
experience the writer will long cherish. 
A bulging file of correspondence cov- 
ering over 20 years’ exchange of infor- 
mation, questions, plans, and_ results, 
is like a storehouse in which things seem 
to retain their freshness indefinitely. To 
one interested in the same field of re- 
search, Hubble was unfailingly helpful 
and encouraging, for his letters often 
ended with “Good luck, and any way 
I can help out, let me know.” In re- 
plies to questions or requests for infor- 
mation on specific nebulae, his answers 
were invariably explicit and complete, 
and frequently gave more than one had 
ever expected. 

His knowledge of individual nebulae 
was encyclopedic. The 100-odd Messier 
objects were as familiar to him as the 
alphabet. He knew literally hundreds 
of NGC objects in sufficient detail to 
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recall their structure, their relationship | 
to neighboring ones as pairs, multiples, 
or clusters, and he could suggest th 
programs for which they might be mog 
useful. He knew the Milky Way, with 
its complex structure of bright and dark 
nebulosities, star clusters, planetarie, 
and nebulous stars, as thoroughly as any 
port pilot threading his way through g 
tortuous system of channels, bars, and 
buoys. On one occasion on Mt. Wilson 
when a tenderfoot from Berkeley was 
trying, unsuccessfully, to find an object 
with the 60-inch, Hubble entered the 
dome, recognized the militarily fluid 
situation, sighted along the tube without 
leaving the floor, and said, “The declina- 
tion is plus five degrees.” 

Hubble’s letters reveal much more 
than his kindliness to a younger kindred 
spirit; they give some insight into the 
man’s character, which fledgling astrono- 
mers would do well to study soberly, 
An example of his calm reaction to criti- 
cism is contained in a letter written 
shortly after publication of his paper on 
the “Effects of Red Shifts on the Dis 
tribution of Nebulae” (1936). His 
procedure was roundly criticized by 
some theoretical men, among them Ed- 
dington. Hubble wrote, “You will have 
noticed the field day over the last [his 
latest paper] in The Observatory. Ed- 
dington has found his mistake — the 
higher terms in a series could not be 
neglected — and his reduction agrees 
with mine. [ « .. ] seems to have mis 
handled the observations, as a theoreti- 
cal man sometimes does, but I am still 
waiting to hear from him.” 

When the 82-inch McDonald reflec- 
tor was dedicated, Hubble prepared a 
paper for the related symposium. De 
spite his previous exhaustive knowledge 
of innumerable nebular features, he ap- 
proached the subject anew, with a hum- 
ble attitude toward more learning: “At 
the moment I am reviewing the sequence 
of classification, and attempting to im- 
prove my acquaintance with structural 
forms by a study of 800 Shapley-Ames 
objects... .” From this study he con- 
cluded that spiral structure, in the 
early stages, suggests segregation in- 
stead of ejection — a new concept fore- 
shadowing the application in recent years 
of gas dynamics to the problems of spiral 
structure. ; 

The problem of finding the direction 
of rotation of spirals — whether their 


(Continued on page 85) 





FACING PICTURE: The elliptical 
galaxy NGC 205, which is a companion 
of the Andromeda nebula, is shown In- 
cipiently resolved in what Dr. Hubble 
regarded as his best Mount Wilson 
photograph of this object. This is 4 
negative print from a 100-inch plate 
taken September 6, 1921, on a Seed 30 
emulsion. Note the patches of obscut- 
ing matter (light in this reproduction) 
silhouetted against the galaxy. 
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WHITE DwarfFs--lIl 


By Orro Srruve, Leuschner Observatory 
University of California 


\ A TE LEARNED last month how 
directly the observations of the 


companion of Sirius lead to the 
result that this star, like other white 
dwarfs, is abnormally small and ex- 
tremely dense. 

The tremendous mean densities of the 
white dwarfs suggest that they do not 
obey the laws of perfect gases. If we 
should disregard this point and compute 
the central temperatures based on the 
gas laws (as we did in our November 
article for main-sequence stars like the 
sun), we would obtain approximately 
one billion degrees! With such an im- 
mense temperature the nuclear processes 
would be extremely active; if hydrogen 
were present the star would blow up as 
a hydrogen bomb. But even without hy- 
drogen there would be nuclear processes 
building up heavier atoms from helium 
— and these would supply far more 
radiation than is actually observed in 
the feeble glow of Sirius B. Its tempera- 
ture cannot be anything like one billion 
degrees. 

In trying to find the nature of the de- 
parture from the law of perfect gases, 
we are at first led to follow intuition and 
attribute it to the van der Waals forces, 
which arise when laboratory gases are 
compressed to about 100 or 1,000 atmos- 
pheres. In this state of compression the 
atoms, whose diameters are of the order 
of 10° centimeter, begin to touch one 
another. But at the densities of 10° to 
108 that of water which prevail in 
white dwarfs the atoms are crushed “like 
eggs packed in the bottom of a heavily 
laden basket,”’ to use G. Gamow’s happy 
expression. 

This crushing removes many of the 
outer electrons from the atoms in the 
white dwarf’s interior and the atoms be- 
come heavily ionized. The remaining 
fragments of atoms occupy individual 
spheres only of about radius 107!” or 
10°7!3 centimeter. We can assume this 
kind of gas to be compressed to a density 
billions of times greater than that of 
water without encountering any diffi- 
culty from the actual bodily contact be- 
tween the atomic fragments. Despite its 
high density, the substance of a white 
dwarf is gaseous, and we need not even 
invoke the high temperature of its interi- 
or to account for the necessary degree 
of ionization to avoid the effect of van 
der Waals forces. 

Why, then, does the ordinary perfect 
gas law not apply? The answer is found 
in the theory of degenerate matter formu- 
lated by E. Fermi and P. Dirac, and 
applied to white dwarfs by R. H. 
Fowler and §S. Chandrasekhar. The 


properties of a degenerate gas differ dras- 
tically from those of normal gas. Of 
course, no one has ever obtained such a 
gas in the laboratory, and our conclu- 
sions rest upon theory and such indirect 
confirmations as may be obtained from 
an analogous consideration of the prob- 
lem of the solid state of matter. 

Ordinarily, the pressure is propor- 
tional to the product of density and tem- 
perature. When the temperature is zero 
absolute, the pressure is also zero — this 
can be visualized by imagining that the 
normal full-sized atoms are brought to 
rest. But in the interior of the atom the 
orbital motions of the ring electrons are 
not brought to rest as the temperature 
drops to zero; even in a completely cold 
hydrogen atom the electron continues 
revolving around the proton. Neverthe- 
less, the atom as a whole is at rest with 
respect to its neighbors. 

In the crushed state of matter, how- 
ever, the free electrons, squeezed off their 
original atomic nuclei, do not come to 
rest at zero temperature; they retain 
vestiges of what were once their orbital 
velocities around the nuclei. Thus the 
motions of electrons that were once or- 
bital, and as such exerted no pressure 
upon the walls of an enclosure, are now 
more or less at random, and even at abso- 
lute zero they contribute an appreciable 
zero-point pressure. 

Let us suppose that we start with a 























A schematic representation of the gas- 
eous, liquid, and crushed states of mat- 
ter, according to George Gamow. This 
diagram is from his book, “Birth and 
Death of the Sun,” Viking Press. 
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vessel containing a small amount of de. 
generate gas. From the foregoing discus. 
sion we know that even at zero tempera. 
ture the gas exerts a certain pressure, 
Let us now add more degenerate 
gas to the vessel, all at zero temperature, 
The density will, of course, increase, 
But will the pressure also change? Jp 
a perfect gas at zero temperature jt 
would remain always equal to zero, 

It turns out that by adding more gas 
to the vessel we of necessity increase the 
pressure. The argument rests upon 
Pauli’s exclusion principle, which tells ys 
that the newly added electrons cannot 
duplicate the velocities and spatial loca- 
tions of electrons already present in the 
gas. Thus, if the old electrons have the 
smallest velocities consistent with their 
original orbital motions, then the new 
electrons must, on the average, move 
faster. They increase the zero-point 
pressure, which is proportional to the 
5/3 power of the density and is inde- 
pendent of the temperature. Only for 
the greatest densities found in the white 
dwarfs is there a modification in this 
law; according to Chandrasekhar the 
pressure then becomes proportional to 
the 4/3 power of the density. But we 
shall not use this elaboration, even 
though it is essential in any accurate com- 
putation. 

A remarkable property of degenerate 
stars can be deduced immediately. Con- 
sider Sirius B, whose mass is equal to 
the sun’s, and whose mean density is 
200,000 times that of water. The mean 
pressure is given by the law we have just 
stated: 1013 X 200,000°/8 dynes, if the 
gas is hydrogen. (The quantity 101% has 
been computed from quantum theory; 
see for example L. H. Aller, Astro- 
physics, 1953). It is this internal pres- 
sure of the gas that prevents the star 
from collapsing under its own tremen- 
dous gravity, and the size of the star is 
determined by the balancing of the pres- 
sure against the gravity. 

To understand the consequences of 
this situation, let us suppose we pack an 
additional amount of material, also equal 
to the sun’s mass, into the volume oc- 
cupied by Sirius B. The density will be- 
come twice what it was before. Every 
cubic centimeter within the star will 
have twice its former mass, and by New- 
ton’s law of universal gravitation will 
attract every other cubic centimeter with 
a force that is proportional to the prod- 
uct of their masses; hence, the attrac- 
tion of the hypothetical star upon itself 
will be 2 X 2, or four times as great a8 
in Sirius B. 

But the internal pressure will also 
rise; by the density law above stated It 
will be 25/8 = 3.2 times as great as in 
Sirius B. But this is insufficient to hold 
the star to its original size because ot 
the four times increase in internal grav- 
ity, and the star of twice the sun’s mass 
must therefore contract, until it becomes 
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These spectra of Deneb, Vega, and 40 Eridani B were taken with a spectrograph 
constructed by D. Chalonge, of the Institut d’Astrophysique in Paris. The ob- 
servations were made by R. Canavaggia and V. Kourganoff, with the spectro- 


graph attached to the 82-inch McDonald Observatory reflector. 


The wedge 


shape of each spectrum is caused by a pivoted, oscillating plateholder, designed 
to widen the bright, overexposed part while keeping the weak, ultraviolet 
portion narrow. 


small enough again to establish equilib- 
rium between pressure and gravitation. 

The remarkable property we have 
deduced is that the size of a degenerate 
star depends inversely upon its mass. In 
other words, the heavy white dwarfs are 
smaller than less heavy ones. Chandra- 
sekhar has computed that a white dwarf 
that consists of pure hydrogen would 
have a radius of zero were its mass about 
five suns — there can be no degenerate 
star of larger mass. A white dwarf con- 
sisting entirely of helium, however, can- 
not have a mass in excess of 11% times 
the sun’s. This results from the fact that 
the pressure of a crushed assembly of 
atoms is given by the number of free 
electrons. Hydrogen furnishes only one 
such electron per proton of unit mass, 
whereas helium has two per alpha par- 
ticle of mass 4. But the attraction of the 
star upon itself depends almost entirely 
upon the atomic nuclei. Therefore, the 
balance of the two forces, gravitation 
and pressure, demands a greater reduc- 
tion in radius in the case of helium than 
for the lighter hydrogen. 

A recent theoretical interpretation of 
the white dwarfs is contained in two 
papers by Mestel in the Monthly Notices 
of the Royal Astronomical Society, 772, 
pages 583 and 598, 1952. He considers 
first the energy sources of white dwarfs, 
and then possible results of their accre- 
tion of interstellar matter. Here we are 
chiefly concerned with the first of these 
problems. 

If we assume that a thin outer skin 
ot a white dwarf consists of ordinary 
nondegenerate matter, we can compute 
the pressure and temperature, step by 
step inward from the surface, using the 
ordinary laws of perfect gases. At the 
base of this outside layer the pressure is 
1018 atmospheres, the density about two 
kilograms per cubic centimeter, and the 
temperature about 20 million degrees. In- 


side this layer the density becomes 
so great that the gas is degenerate be- 
cause the atoms are crushed. 

This thin outer layer contains about 
1/400 of the total mass of the star, but 
it forms a blanket of high opacity which 
limits the rate of cooling of the degener- 
ate core. This layer is subject to the 
star’s high surface gravity, which greatly 
broadens the lines in its spectrum, as ex- 
plained last month and as _ illustrated 
here; thus, the spectrum gives an im- 
portant clue to the high density of the 
star’s interior even though it arises only 
in the surface layer. 

For comparison, we have the spectra 
of three stars of type A: top, the super- 
giant Deneb; middle, the main-sequence 
star Vega; bottom, the white dwarf 40 
Eridani B. Note the great width of the 
dark hydrogen lines in the white dwarf 
spectrum, with the higher members of 
the series blending into a continuous 
spectrum long before the Balmer limit 
at 3647 angstroms is reached. In Deneb, 
which has narrow lines indicating a 
low-density, giant star’s atmosphere, a 
large number of the Balmer lines can 
be distinguished and the sudden Balmer 
drop at the limit of the series is well 
shown. This effect is also illustrated 
by the tracings of four spectra, two of 
them white dwarfs, that are reproduced 
here. 

The temperature inside all but the 
outer one-quarter per cent of the mass 
differs very little from 20 million degrees. 
Yet this temperature is ample to convert 
hydrogen into helium — if hydrogen 
were present. But so long as nuclear 
processes are active a star cannot con- 
dense to the degenerate state; it must 
remain similar in constitution to the sun. 
Mestel concludes that the white dwarfs 
contain no nuclear energy sources in 
their interiors, and hence no internal hy- 
drogen, in agreement with Schatzman. 


On the other hand, we know that the 
interstellar clouds consist mostly of hy- 
drogen. Therefore, these peculiar stars 
cannot have condensed directly out of 
the interstellar gas into the white dwarf 
state; they must have been, to begin with, 
ordinary hydrogen-rich stars (on the as- 
sumption that all stars are formed from 
interstellar matter). 

Since the present mass of Sirius B is 
the same as the mass of the sun, and 
since nuclear evolution causes only a neg- 
ligible decrease of mass, by 0.7 per cent, 
we might think of Sirius B as the kind 
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Microphotometer tracings of four stars, 
the upper two white dwarfs, in which 
the hydrogen-beta line is at the right. 
The lines through hydrogen-zeta may be 
seen; the other Balmer lines are blended 
because of the Stark effect in the dense 
atmospheres of the white dwarfs. BD 
-+-44°4014 shows the normal, sharp ap- 
pearance of hydrogen lines in main- 
sequence stars of this type, and the 
usual Balmer drop at the limit of the 
series. Gamma Pegasi, which is a B-type 
star, has relatively weak hydrogen lines 
and a much smaller Balmer drop. 
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of star the sun will become after it has 
converted all its hydrogen into helium. 
This hypothesis is unsatisfactory, how- 
ever, because with its slow rate of energy 
production the sun will require 101! 
years to reach the stage of hydrogen ex- 
haustion. Yet, in the Hyades cluster we 
find four white dwarfs and several nor- 
mal G and K dwarfs. There are no in- 
termediate types. Since all the cluster 
members must be approximately the 
same age — much less than 10!! years — 
this theory is ruled out. 

Mestel therefore adopts the hypothesis 
suggested by F. Hoyle and previously 
also favored by E. A. Milne, Chandra- 
sekhar, Gamow, and others: What we 
now observe as a white dwarf was once a 
very massive O or B star that rapidly 
burned up its hydrogen and then, in the 
final stages of its “perfect-gas” condi- 


This is W. J. Luyten’s 
diagram of stars of faint 
absolute luminosity. On 
the right are ordinary 
red dwarfs; to the left 
are white dwarfs. Stars 
identified by letter are: 
E, 40 Eridani B; G, AC 
+70°8247; P, compan- 
ion to Procyon; R, Ross 
627; S, companion to 
Sirius; W, Wolf 489. 
The curves show the 
locations of stars with 
diameters four times, 
equal to, and one fourth 
the earth’s diameter, re- 
spectively. University of 
Minnesota chart. 


tion, blew off enough material (perhaps 
in a nova or supernova outburst) to 
reach the critical mass of 114 suns for 
helium, after which it could contract by 
its own gravitation, eventually reaching 
the white dwarf state. 

A white dwarf radiates energy with- 
out replenishment. It contains no hy- 
drogen and is thus deprived of nuclear 
sources. It cannot contract still further 
and derive heat by the Helmholtz-Kel- 
vin process, because, as we have seen, its 
radius is permanently fixed by its present 
mass. It can only slowly cool, as radia- 
tion from its supply of internal heat dif- 
fuses outward through its highly opaque 
“‘perfect-gas” skin, at a rate which will 
maintain the star’s present low luminos- 
ity for 10° years. 

Now let us turn to Luyten’s H-R dia- 
gram for faint stars. Open circles rep- 





resent ordinary dwarfs (at the lower 
end of the main sequence), dots the white 
dwarfs, and square dots are the four 
Hyades white dwarfs. Each white 
dwarf is observed at only one brief mo. 
ment of its existence, but all of them 
taken together are believed to give q 
picture of the evolution (or “aging”) of 
these stars. The situation is far simpler 
than elsewhere in the H-R diagram, be. 
cause surface temperature, becoming less 
and less as the white dwarf cools, is the 
only variable factor. 

Thus, the location of such a star along 
Luyten’s sequence depends on its sur. 
face temperature, and hence on its age: 
The oldest and reddest stars are on the 
right-hand end of the band. Stars of 
greater mass have smaller radii and lie 
farther to the left and lower. Those 
along the lower edge have diameters of 
the order of half that of the earth, and 
their masses are near 11% suns, the maxi- 
mum for white dwarfs made of helium. 
Stars near the upper edge of the band 
are about four times as large as the 
earth, with masses about half the sun’s, 

It will be noticed in Luyten’s diagram 
that the white dwarf sequence and the 
main sequence are not quite parallel, 
Theoretically, the luminosity of a main- 
sequence star is proportional to the 5% 
power of its effective surface tempera- 
ture. But a white dwarf cools without 
change in radius, so that its luminosity 
will remain proportional to the fourth 
power of the temperature, in obedience 
to Stefan’s law. As a result, the two 
sequences should have different slopes, 
and there is excellent agreement between 
observation and theory. 





MERCURY TRANSIT ROUNDUP 
(Continued from page 76) 


much information about the black drop 
could be gained from laboratory experi- 
ments with rather simple equipment. 

Abnormal phenomena sometimes noted 
at earlier transits include bright spots 
on Mercury, and light or dark aureoles 
surrounding the planet, but such appear- 
ances have long been classed as illusory. 
On November 14th several observers 
looked carefully for these effects with- 
out seeing them. The absence of any 
halo is specifically stated by Lonzo 
Dove, who observed with a 4-inch refrac- 
tor at Broadway, Va. At Weston, 
Mass., the writer with a 3-inch, 100x 
refractor could see neither bright spot 
nor aureole. 

In agreement with this, the absence 
of any unusual phenomena between con- 
tacts II and III was noted by Dr. R. D. 
Levee, J. Reed, and W. Beavers at the 
Laws Observatory, with 7% - inch, 
44-inch, and 2%-inch refractors. While 
a grayish halo around Mercury was 
seen by O. C. Ranck and W. A. Azin- 
ger at Milton, Pa., they attributed it to 


the heavy overcast through which the 
sun was seen. 

One valuable result of the transit 
was in the field of astronomical public 
relations. A transit of Mercury is an 
admirable object for public demonstra- 
tion. 

The opportunity was well used. At 
Toronto, the local section of the Royal 
Astronomical Society of Canada ar- 
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The top row of these drawings by S. 
L. O’Byrne, of St. Louis, shows the 
thin hairline of light seen at 18:08:14 
UT, before third contact, the sharply 
pointed horns of light visible after the 
hairline was broken, and Mercury’s ap- 
pearance at 18:08:33 UT. The lower 
sketches show Mercury before last con- 
tact; the disappearance of the wedge- 
shaped notch occurred at 18:11:3814 UT. 
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ranged advance newspaper publicity, 
showing the event through five telescopes 
to over 200 people. At the Buhl Plane- 
tarium in Pittsburgh, the 10-inch sidero- 
stat projected the image of the sun on 
a screen for the public. The Amateur 
Telescope Makers of Boston set up in- 
struments at the Boston Museum of 
Science, which is located on the Charles 
River dam, an ideal site for observing 
that is close to the heart of the city. 
Other groups were organized at the 
Adler Planetarium, and by the ama- 
teurs in Rochester, and many school 
and college observatories used this op- 
portunity to give a live display to stu- 
dents. Probably there was hardly an 
amateur who set up his telescope in his 
yard for the transit who did not have 
friends and passers-by stop for a view. 

In many ways, the November 14, 
1953, transit of Mercury was a Com 
spicuous success, as far as weather per 
mitted. And even the relatively few 
observers who were clouded out hold 
rain checks bearing the date of Novem 
ber 7, 1960, for the next transit visible 
from North America. j. A 
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EDWIN HUBBLE 
(Continued from page 80) 


arms trail or lead—required considerable 
correspondence with Hubble. It was 
fairly easy to obtain the spectroscopic 
sense, but the orientation in space of 
the spiral pattern was a matter on which 
it appeared difficult to reach agreement. 
Two years before his paper was pub- 
lished (1943), Hubble selected what he 
considered the best test object, NGC 
3190, and with characteristic vigor and 
enthusiasm he secured the necessary 
spectroscopic and direct photographic 
material with the 100-inch. He wrote, 
“T have just made a 16-hour exposure 
on 3190. The S.F. end is approaching 
and the N.P. end is receding (with re- 
spect to the nucleus). The rotation 
is conspicuous, so there seems to be no 
reasonable doubt that this spiral is trail- 
ing its arms. A recent long-exposed, 
direct photograph brought out the faint 
extensions, which fix the direction of 
the spiral pattern.” It must have given 
him much satisfaction to learn, within 
the past year or two, that the spiral arms 
just beginning to be traced in our galaxy, 
by both optical and radio astronomy, 
likewise appear to trail. 

As a result of his galaxy counts to the 
faintest limits attainable with the 100- 
inch, Hubble foresaw that only a mod- 
erate increase in light-gathering power 
would yield photographs in which the 


number of distant objects would exceed 
the number of foreground stars normal- 
ly found in medium to high galactic 
latitudes. On his best 100-inch plates 
(the one of NGC 3190 is mentioned 
above), his prediction of more nebulae 
than stars came close to fulfillment. It 
is hardly necessary to add that the 200- 
inch has yielded many plates on which 
faint extragalactic nebulae outnumber 
galactic stars. 

This tribute to Hubble’s achieve- 
ments has only highlighted a small por- 
tion of his contributions to astronomy, 
and that in a personal, probably not un- 


How the rotation of 
NGC 3190 was deter- 
mined is shown here. 
On one side of the 
nucleus, the _ rotation 
produces a relative mo- 
tion of approach, and 





Er ToT 7 


biased way. A stimulating and reward- 
ing association of 25 years cannot be 
viewed dispassionately ; the feeling is one 
of gratitude for having had the privi- 
lege of closeness to a truly great scien- 
tist. Perhaps the perspective of time is 
needed for a less subjective view, but it 
is tempting to think that Hubble may 
have been to the observable region of 
the universe what the Herschels were 
to the Milky Way system, and what 
Galileo was to the solar system. What- 
ever history’s judgment, there is little 
doubt that Edwin Hubble was a master 
mariner in his “realm of the nebulae.” 
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the spectral lines are 
shifted to the violet 


with respect to those on _1$00 
the other side of the ‘m/sec 
nucleus. The change of 1400 


relative velocity with 
reference to distance 
from the center of the 
system shows that the 














measurable parts of ten 
this system rotate like 
a wheel. 
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GRAPHIC TIME TABLE OF THE HEAVENS --1954 


——— on the following pages is 
a chart published annually by the Mary- 
land Academy of Sciences, through whose 
courtesy the engraving has been lent for our 
use. Separate copies may be obtained from the 
Maryland Academy of Sciences, Enoch Pratt 
Library Building, 400 Cathedral St., Baltimore 
1, Md., for 25c each; on orders of 20 or more 
the price is 15c each. Large wall charts, 40 
by 27 inches, are $1.00. 
Usinc THE GrapHic TIME TABLE 


The Graphic Time Table gives the rising 
and setting times of the sun, moon, and bright 
planets, the duration of twilight, times when 
certain stars and other objects of interest 
transit (cross the meridian), the moon’s phases, 
the equation of time, and other astronomical 
information. Following the line for any day 
horizontally across the chart, one can read off 
the times of various events as the horizontal 
line intersects any of the curves. Time is shown 
by the vertical lines to the half hour, and more 
precise times may be determined by interpola- 
tion. The curve for the equation of time shows 
how much the sun is fast if the curve is to the 
left of the midnight line, and slow if it is to 
the right. When the sun is fast, it arrives at 
the meridian before 12 o’clock noon, local time, 
by the amount shown. 

The dashes on the sunset and sunrise curves 
aid interpolation on intermediate days. Roman 
numerals show sidereal time at midnight. The 
vernal equinox transit line is shown; this indi- 
cates the exact civil or ordinary time of zero 
hours sidereal time. Small numbers at the left 
give the Julian day. Small black circles show 


moonset for the first half of the lunar month, 
and small open circles show moonrise from full 
to new moon. 

The scale at the right is for finding rising 
or setting times of other objects. Set dividers 
or a strip of paper from the index at the center 
of the scale to the object’s declination, north 
or south (which must be known), and in the 
direction desired for either rising or setting. 
Measure this same distance along the mid- 
night line of the chart beginning at the proper 
right ascension indicated by the Roman nu- 
merals, Should this end point fall outside the 
chart, add to or subtract from the right ascen- 
sion 12 hours and reset the dividers using the 
end of the scale rather than the center index. 
Through the point established, draw a line 
parallel to the vernal equinox line on the 


‘chart. This will show the time of the rising 


or setting of the object. 
THE Events OF A SINGLE NIGHT 

As an example, consider the night of Janu- 
ary 7-8 by following the horizontal line for 
that date across the chart from left to right: 
The Julian Day number is 2,434,750; the sun 
sets at 4:51 p.m.; evening twilight ends at 
6:27; the upper culmination or transit of 
Polaris is at 6:42; the moon, three days past 
new, sets at 8:03; transit of the Pleiades is 
at 8:37, of Jupiter at 10:00, and of the Orion 
nebula at 10:25; the sidereal time at midnight 
is 7h 08m; the curve for the equation of time 
shows that the sun is slow, and will not ar- 
rive at the meridian until six minutes after 12 
o’clock noon, local time, January 8th. Saturn 
rises at 1:51 a.m. and Mars at 2:11; Jupiter 


sets at 5:20; morning twilight begins at 5:46; 
Polaris crosses the lower meridian at 6:41; 
Venus rises at 7:06; Saturn transits at 7:13; 
Mercury rises at 7:17, followed by the sun 
at 7:22; Mars transits at 7:26 a.m. 


How to Correct ror Your Position 
As in all almanacs, times of rising and set- 
ting of sun, moon, and planets are absolutely 
correct for only one point on the earth’s sur- 
face—for this chart: latitude 40° north and 
longitude 90° west. The observer may easily 
correct for his own position. Latitude differ- 
ences have comparatively minor effect and may 
in general be disregarded in this country. 
Correction for differences in longitude de- 
pends principally on the observer’s distance 
east or west of his standard time meridian, 
which is always at an even ruultiple of 15°. 
Some corrections are tabulated here, in minutes 
of time: 
Atlanta +38 
Baltimore +6 
Boston —16 
Chicago —10 
Cincinnati +38 
Cleveland +27 
Denver 0 
Detroit +32 
Houston +22 St. Louis +1 
Indianapolis —16 Washington +8 
All places with plus corrections are west of 
the standard meridian, and ‘he events will 
occur later. The usual correction of one hour 
for each standard time zone must also be made 
to the Eastern standard times given for spe- 
cific events, such as the three eclipses. 


Kansas City +18 
Los Angeles —7 
Milwaukee —8 
Minneapolis +13 
New York —4 
Pittsburgh +20 
Rochester +10 
Seattle +10 
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State 


ARIZONA 
CALIFORNIA 


COLORADO 
CONNECTICUT 


DIST. COL. 
FLORIDA 


GEORGIA 
ILLINOIS 


INDIANA 


KANSAS 
KENTUCKY 
LOUISIANA 


MAINE 
MASSACHUSETTS 


MICHIGAN 


MINNESOTA 
MISSOURI 
NEVADA 
NEW JERSEY 


NEW MEXICO 
NEW YORK 


N. CAROLINA 


NORTH DAKOTA 
OHIO 


OKLAHOMA 
OREGON 


PENNSYLVANIA 


RHODE ISLAND 
TENNESSEE 


HERE AND THERE WITH AMATEURS 


*Members receive Sky and Telescope as a privilege of membership. tMember organizations of the Astronomical League. 


City 
Phoenix 
Fresno 
Kentfield 
Long Beach 
Los Angeles 
Oakland 
Palo Alto 
Redlands 
Sacramento 
San Diego 
San Diego 
San Francisco 
Stockton 
Denver 
Middletown 
New Haven 
Norwalk 
So. Norwalk 
Stamford 
Washington 


Daytona Beach 


Jacksonville 
Key West 
Miami 


Miami Springs 


Patrick AFB 
Pensacola 


St. Petersburg 


Atlanta 
Chicago 
Geneva 
Moline 
Peoria 
Indianapolis 
South Bend 
Wichita 
Louisville 
Gretna 
Lake Charles 
New Orleans 
Portland 
Cambridge 
Cambridge 
Cambridge 
Springfield 
Worcester 
Ann Arbor 
Battle Creek 
Detroit 
Kalamazoo 
Lansing 
Pontiac 
Minneapolis 
St. Paul 
Fayette 
Kansas City 
St. Louis 
Reno 
Caldwell 
Jersey City 
Roselle Park 
Rutherford 
Teaneck 
Las Cruces 
Roswell 
Buffalo 
Corning 
Gloversville 
New York 
New York 
Rochester 
Schenectady 
Troy 

Utica 
Wantagh 
Greensboro 
Raleigh 
Winston-Salem 
Grand Forks 
Akron 
Cincinnati 
Cincinnati 
Cleveland 
Columbus 
Dayton 
Lorain-Elyria 
Marietta 
Toledo 
Warren 
Youngstown 
Tulsa 
Portland 
Portland 
Beaver 
Millvale 
Philadelphia 
Philadelphia 
Pittsburgh 
Pottstown 
Providence 
Chattanooga 
Memphis 
Nashville 


Organization 


*Phoenix Obs. Ass’n 
*Central Val. Ast’mers 


*Marin Am, 


Ast 
Lr a we Tel. Ciub 


onsaibey "ALS. 
*Peninsula A.S. 
*Redlands A.S. 
*Sac, Val. A.S. 
Ast. Soc) of S.D. 
A.T.M. Ast, Club 


*S.F. Am. Ast’mers 


*Stockton A.S. 
{*Denver A.S. 


*Centr. Conn. A.A, 
+A.S. of New Haven 
*Perkin-Elmer AA&TM 


+Fairfield Co. A.S. 


Stam, Museum A.A, 
+Nat’l. Cap. Ast’mers 


D. De’ eae 
$5.4 
+Key Wot A.C. 


+*South’n Crosa A.S. 


7*Gulfstream A.A. 


Banana River A.S, 


{Pensacola A.A.C. 


St. P’burg A.A.C. 


t*Atlanta A.C, 
¢*Burnham A.S. 
*Fox Valley A.S. 
¢*Popular A.C. 


Ast. Sec., Acad. Sci. 


¢*Indiana A.S. 


*St. Jos. Valley Ast. 


¢*Wichita A.S. 
¢L’ville A.S. 
Gretna A.S. 


Lake Charles A.A.C, 


A.S. of N.O 
tA.S. ‘of Maine 
t*Bond A.C. 


t*A.T.M.s of Boston 


°M.I.T. A.S. 
+*S’ field» Stars 
7*Aldrich A.S. 


fAne Arbor A.A.A, 


C. Ast. Club 
t¢*Detroit A.S. 


+Kalamazoo A.A.A. 


t*Lansing A.A 


t*Pon.-N.W. Det. A.A. 


M’polis A.C, 
¢*St. Paul Tel. 


+*Central Mo. A.A. 


¢*A.C. of Kans. City 


T*St. Louis A.A.S. 
A.S. of Nev. 


West Essex A.A. 
ae Boys Club 


¢A.A.S. of Union Co. 
A.S. of en 


+Bergen Co. 

T*A.S, of o. 
*Pecos Val. S&TC 

t*Buffalo A.A. 
Corning A.C. 

rs - Fulton Co. 


Pt A.C. 


+Ast. Sec., Acad. Sci. 
A. CG. 


7*S’tady 
hme Ap. Soc 


t*Utica Am. Ast’mers 


Long Island A.S. 
+*Greensboro A.C. 


+Astronomical Soc. 


7*Forsyth A.S. 
*Red River A.C. 
*A.C. of Akron 
*Cin, A.A, 
*Cin. A.S. 
+Cleveland A.S. 
*Columbus A.S. 


A.T.M.s of Dayton 


*Black River A.S, 
Marietta A.S. 
Toledo Ast. Club 


Mahoning Val, A.S. 


*Y’town A.C, 
t*Tulsa A.S. 
{*Portland A.S. 


+A.T.M, & Observers 


ane Co. A.A.A. 


+A" A. of 
+*Rittenhouse A.S. 


¢*A.A.A, of P’burgh 


tPottstown A.A.C. 
Skyscrapers, Inc. 
t*Barnard A.S. 
tMemphis A.S, 
*Barnard A.S. 
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Club 


A.A. Shaler T’ship 
¥.1. 


Time 
7:30, 1st, 3rd Tue. 
7:45, 2nd Mon. 
:00, 4th Fri. 
:80, 3rd Fri. 
745, 2nd Tue. 
:00, Ist Sat. 
:30, lst Fri. 
:30, Tues. 


780, Ist Wed. 

:80, 2nd, 4th Mon. 
:00, Ist Wed. 

:00, 2nd Mon. 
:00, 2nd, 4th Fri. 
:00, Ist Tue. 

:00, 4th Sat. 

:00, Ist, 3rd Wed. 
700, Alt. Fri. 
:00, 3rd Fri. 

:00, 1st Sat. 

:00, Alt. Mon. 
:00, 1st, 3rd Mon, 
:00, 1st Wed. 
:30, 3rd Mon. 
:00, 4th Fri. 

:00, 2nd Wed. 
:30, 3rd Mon. 
:30, 4th Thu. 
:30, 2nd Fri. 

:00, 2nd Sun. 
:00, Ist Tue. 

Wed 


:00, 2nd Wed. 
715, 1st Sun. 
:00, 1st Mon. 
:00, 1st Wed. 
:00, 1st Tue. 


:00, 2nd Fri. 
:00, Ist Thu. 
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2nd Sun. 
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, 8rd Sat. 
4th Sat. 
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:00, 3rd or 4th Fri. 


4th Wed. 
:00, 2nd Mon. 

15, Mon., Tue. 
., 4th Fri. 

:00, 1st Thu. 

2nd Wed. 

-» lst Sat. 

2nd Fri. 

:30, lst Wed. 

Ist, 3rd Mon. 
:00, 1st. Wed. 

:00, 3rd Fri. 

:00, Ist Fri. 

:80, 3rd Mon. 
:30, Alt. Tue. 
:80, 4th Tue. 

:00, Sat. 

2nd Wed. 

.., lst, 38rd Thu. 
30, Last Fri. 
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= ee 
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w+ wo. 
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:00, 2nd, 4th Mon. 


:00, Last Fri. 

:00, Various days 

:00, 3rd Wed. 

:00, Fri. 

200, 2nd Sat. 
Eve., 3rd Sat. 


0000000000 CO =3+ CO Cong I-30 MOM: 
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:30, 1st Fri. 
:30, Ist Sat. 
:00, Tue. 

:00, 2nd Tue. 
:00, 4th Tue. 
:00, 3rd Fri. 
3rd Fri. 
:00, 2nd Fri. 
:00, 2nd Fri. 
:30, Fri. 

:00, Mon. or Wed. 
:00, 8rd Fri. 
:00, 1st Fri. 
:30, 2nd Thu. 


“30000 00 ~30000 000000 GoM “3 ~IKHD- 
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:00, Ist Tue., bi-mon. 


» i 
, 2nd, 4th Wed. 


Meeting Place 


Private homes 
Fresno Coll., homes 
Marin College 

Art Center 

Griffith Obs. 

Chabot Obs. 
Community Center 
Univ. of Redlands 
Sacramento College 
504 Electric Bldg. 
3121 Hawthorn St. 
Randall Junior Mus. 
Stockton College, C-3 
Chamberlin Obs. 
Van Vieck Obs. 

320 York St. 
Perkin-Elmer plant 
Private homes 
Stamford Museum 
Comm. Dept. Audit. 
105 N. Halifax Ave. 
Private homes 
Private homes 
Central School 

Boys Club, 2805 SW32Av. 
Civilian Personnel Bldg. 
Private homes 
Museum Auditorium 
Agnes Scott College 
Adler Planetarium 
Geneva City Hall 
Sky Ridge Obs. 
Peoria Hts. School 
Riley Library 

1144 W. Western Ave. 
214 East High Sch. 
Univ. of Louisville 
Private homes 
Ass’n. Commerce Bldg. 
Cunningham Obs. 
Private homes 
Harvard Obs. 
Harvard Obs. 

Mass. Inst. Tech. 
Private homes 

Mus. Natural Hist. 
U. of Mich. Obs. 
Kingman Museum 
Wayne U., State Hall 
Private homes 

No. 8 Fire Station 
Cranbrook Inst. 
Public Library 
Macalester Coll. 
Morrison Obs. 

K. C., Museum 

Inst. of Tech., St. L. U. 
Univ. of Nevada 
Caldwell Mun. Bldg. 
Gregory Mem, Obs. 
Boro Hall 

YMCA 


Obs., 107 Cranford Pl. 


Private homes 

Cha. of Comm. 

Mus. of Science 
Corning Glass Center 
Amer. Mus. Nat. Hist. 
Bklyn Public Library 
Rochester Museum 
Nott Terrace H. S. 
Sage Lab., R.P.I. 
Proctor Inst. 

Private homes 
Woman’s Coll., U.N.C. 
N. C. State Coll. 
Private homes 

City Hall 

St. Peter’s Epis. Church 
Cincinnati Obs. 

5556 Raceview Ave. 
Warner & Swasey Obs. 
McMillin Obs. 

Private homes 

Spang Bldg. 

Cisler Terrace 

Univ. of Toledo Obs. 
Private homes 
Homestead Pk. Pav’n. 
Private homes 
Journal Bldg. 

Private homes 

Com’y Bldg., Tamaqui 
Cherry City Fire House 
Franklin Institute 
Franklin Institute 
Buhl Planetarium 
Public Library 

Ladd Observatory 
Jones Observatory 
Memphis Museum 
Dyer Observatory 


Communicate With 


R. D. Smith, Jr., 6635 N. Central Ave, 
Pane Dean, 409 Shields (4) 

. 8. Yoder, 48 Mercury Ave., Mill Valley 
1. “R. Cave, Jr., 265 Roswell Ave. (3). 
G. Carroll, 7114 Summitrose St., Tujunga 
Mary Grissom, 79 Bayo Vista (11) 
H. W. Milner, 350 Tennyson Ave. 
Miss R. Schweikert, 111 Prospect Dr. 
Mrs. E. Champ, 3816 Sacramento Blvd. (17) 
W. T. Skilling, 3140 Sixth Ave. 
Al Nelson, 3121 Hawthorn St. 
H. A. Wallace, 2925A Jackson St. 
Dr. C. P. Custer, 155 E. Sonoma Ave. 
John Boatright, 1400 S. Clayton, RA-0375 
Walter Fellows, Middle Haddam 
Florence Welter, 77 Spring Rd., N’th Haven 
J. Vrabel, Bob White Lane, Wilton 
Goldie L. Grantham, 58 Bouton St. 
R. F. Ives, Post Rd. East, Darien 
Miss G. Scholz, 110 Schuyler Rd., Sil. Spg., Md. 
Wm. T. Thomas, 105 N. Halifax 
E. L. Rowland, Jr., 442 St. James Bldg. 
J. M. Martin, 1605 United St. 
A. P. Smith, Jr., 426 S.W. 26 Rd. 
L. 4 Pardue, 641 Falcon, 88-5434 
Lt. R. W. Edelen, Box 669, Patrick AFB 
ed Dachille, 1781 E. Baars St. 
Dr. R. E. Angell, 233 5th Ave. N. 
W. H. Close, 225 Forkner Dr., Decatur 
J. A. Anderer, 7929 S. Loomis Blvd. (20) 
Joseph Zoda, 420 Fellows St. 
Carl H. Gamble, 3201 Coaltown Rd. 
R. P. Van Zandt, 156 N. Eleanor Pl. (5) 
W. E. Wilkins, 6124 Dewey Ave. (19), IR-5946 
E. J. Gabrich, 1518 S. Webster St. (14) 
S. S. Whitehead, 2322 E. Douglas, 62- tis 
B. F. Kubaugh, 207 Sage Rd. (7) 
John A. Gunther, 209 Newton St. 
Norman G. Lore, 532 Alamo St. 
Dr. J. Adair Lyon, 1210 Broadway 
H. Harris, 27 Victory Ave., S. Portland 
R. Smith, 519 Quincy Shore Dr., No. Quincy 71 
John Patterson, 142 Elgin, Newton Center 59 
R. L. White, Box 162, 3 Ames St. 
J. E. Welch, 107 Low’r B’verly Hills, W. S’field 
W. C. Lovell, 24 Courtland (2), 3-1559 
Stewart W. Taylor, 1106 Birk Ave. 
Mrs. W. V. Eichenlaub, 47 Everett St. 
E. R. Phelps, Wayne University 
Mrs. G. Negrevski, 2218 Amherst, 31482 
Edward H. Carlson, 2111 Grant St. (10) 
G. Carhart, 40 Hadsell Dr., FE 2-9980 
Anna Klint, 2526 Garfield Ave. S. (5) 
Mrs. R. E. English, 1283 Sargent Ave. 
R. C. Maag, 816% S. Mass., Sedalia 
Mrs. Laura Kinsey, 4604 Jefferson (2) 
S. O’Byrne, 501 E. Pacific, Webster Groves 19 
E. W. Harris, University of Nevada 
Walter J. Adams, 18 Thomas St. 
Enos F. Jones, 3839 Wayne St. 
Mrs. R. N. Bochau, 236 Normandy Vill., 
W. B. Savary, 78 W. Pierrepont Ave. 
J. M. Stofan, 332 Herrick 


C. W. Tombaugh, 636 S. Alameda 

Dr. R.R. Boyce, Rt. 2, Box 163A 

Dr.F.S.Jones,83Briarcliffe, Cheektowaga(25) 

Woo Redmond, 119 E. 2nd St. 

L. R. Ogden, 60 W. Pine St. 

G. V. Plachy, Hayden Plan., TR 3-1300 

J. Rothschild, Hayden Plan., TR 3-1300 

Louise Zeitler, 91 Hickory St. (20) 

C. E. Johnson, 102 State St. 

Dr. Robert Fleischer, R.P.I. 

John Zimm, 239 Thieme Fi. 

A. R. Luechinger, Seaford Ave., 1571 

Mrs. J. Bradshaw, Guilford College, N.C. 

Richard C. Davis, Sch. of Textiles 

Kenneth Shepherd, 1339 W. 4th St. 

L. G. Peck, 2101 1st Ave. North 

Mrs. R. J. Couts, 878 Kennebec Ave. (5) 
Robert Berkmeier, 2432 Ohio Ave. 

John Dann, 3318 Felicity Dr. (11) 

Mrs. Helen Strohm, Warner & Swasey Obs. 
Miss R. A. Charlton, 1361 E. 22 Ave. (11) 

F, E. Sutter, RR 7, Box 253A (9) 

Louis Rick, Box 231, Lorain 

Miss L. E. Cisler, Cisler Terrace 

E. D. Edenburn, 4124 Commonwealth Ave. 

S. A. Hoynos, 1574 Sheridan, NE, 25034 

F. W. Hartenstein, 905 Brentwood 

R. L. Frossard, 4218 E. “er rap 

H. J. Carruthers, 427 S.E 

Miss M. Edgar, 1626 S.E. Pe (2) 

Mrs. R. T. LuCaric, Box 463, Baden 

Cliff Raible, Rebecca Sq. (9) 

Edwin F. Bailey, LO 4-3600 

John Streeter, LO 4-3600 

Mary Burcik, 315 Moore Ave. (10) 

W. E. Schultz, Public Library 

Ladd Obs., Brown U., Jackson 1-5680 

A. H. Jones, 411 W. 21st St., 5-1646 

J. M. Buhler, 3796 Central Ave. 

Miss J. Saffer, 446 Humphrey St. (10) 


Union 
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Amateur Astronomers 


THIS MONTH’S MEETINGS 
Buffalo, N. Y.: Buffalo Astronomical 


Association, 7:30 p.m., Museum of Sci- 
ence. Jan. 6, E, Wallmeyer, “Celestial 
Photography”; J. Ballantyne, “Solar En- 
ergy.” 

Cleveland, Ohio: Cleveland Astronom- 
ieal Society, 8 p.m., Warner and Swasey 
Observatory. Jan. 22, Dr. Martin 
Schwarzschild, Princeton University Ob- 
servatory, “Past and Present of the 
Stars.” 

Dallas, Tex.: Texas Astronomical So- 
ciety, 8 p.m., Lone Star Gas Co. audi- 
torium. Jan. 25, astronomical film. 

Geneva, Ill.: Fox Valley Astronomical 
Society, 8 p.m., City Hall. Jan. 12, Prof. 
Clarence R. Smith, Aurora College, 
“Topics in Optics—From the Notes of a 
Physics Teacher.” 

Lansing, Mich.: Lansing Amateur As- 
tronomers, 8 p.m., No. 8 Fire Station. 
Jan. 17, Christine Culp, “Stars and Con- 
stellations Visible from the Northern 
Hemisphere.” 

Minneapolis, Minn.: Minneapolis As- 
tronomy Club, 7:30 p.m., Public Library. 
Jan. 6, O. R. Votaw, “Planets and Their 
Orbits.” 

New York, N. Y.: Amateur Astrono- 
mers Association, 8 p.m., American Mu- 
seum of Natural History. Jan. 6, Sidney 
I. Scheuer, “Astronomy in Navigation.” 

Teaneck, N. J.: Bergen County Astro- 
nomical Society, 8:30 p.m., Observatory, 
107 Cranford Pl. Jan. 13, Capt. C. V. Lee, 
“A Navigator Looks at the Stars.” 

Washington, D. C.: National Capital 
Astronomers, 8:15 p.m., Commerce De- 
partment auditorium. Jan. 9, Dr. Stewart 
L. Sharpless, U. S. Naval Observatory, 
“Recent Findings of Studies on Galactic 
Structure.” 





MONTREAL MEETINGS 


A series of popular public lectures on 
the theme, “An Introduction to Astron- 
omy,” is being given by the Montreal 
Centre of the Royal Astronomical Society 
of Canada, in the Macdonald physics 
building of McGill University at 8:15 p.m. 

Remaining lectures in the series are: 
January 14, Charles M. Good, “Meteors 
and Comet Tales”; February 11, Henry 
F. Hall, “A Handful of Stars”; March 
ll, Francis P. Morgan, “The Milky 
Way”; April 8, Edwin E. Bridgen, “Be- 
yond the Milky Way.” 


LOUISVILLE SOCIETY 
HAS 20th BIRTHDAY 

The Louisville Astronomical Society 
celebrated its 20th birthday this fall. Or- 
ganized in 1933 with a nucleus of univer- 
sity students, professors, and local ama- 
teurs, the society was incorporated in 
1936. Its projects have included solar and 
meteor work, bird migration studies, vari- 
able star observing. From the beginning 
the society has co-operated with other 
natural science groups of the city 
wherever their activities were related. The 
education committee, under the chairman- 
ship of Charles Strull, has prepared peri- 
odic astronomical articles for local news- 
papers. 

One of the major projects for a number 
of years has been the grinding and polish- 
ing of a 20-inch telescope mirror. The 
mirror is now completed, and work is 
progressing on a mounting for it. An 
observatory with a 17-foot aluminum re- 
volving dome is being constructed by Dr. 


Walter L. Moore, president of the society, 
on his farm, and this building will be 
lent by him to house the telescope for 
as long as the society wishes to keep it 
there. 

Other projects for this year include the 
formation of a junior society for young 
people up to 18 years of age, and an eve- 
ning free public lecture by a visiting 
astronomer. 

MRS. MILDRED S. LANDAU 
2436 Broadmeade Rd. 
Louisville, Ky. 





FLORIDA HIGH SCHOOL GROUP 


Recently, a few of us at Ft. Lauderdale 
high school decided to form an amateur 
astronomy club for the benefit of students. 
The faculty supported us, and the student 
response was good. We have 15 members 
and expect many more. Telescopes in 
use include two 2-inch and two 3-inch 
refractors and a 6-inch reflector. We 
have recently embarked on the grinding 
of another 6-inch mirror. 

JOSEF E. PARKO, JR. 
1610 N. W. 4th Ave. 
Ft. Lauderdale, Fla. 





NEW YORK =| 
AMATEURS % 
DISTRIBUTE beeen 
PUBLICITY S 
POSTER " 


The Amateur Astron- 
omers Association this 
fall announced its reg- 
ular lecture series with 
a starry poster, printed 
in blue, and a special 
letter about the activ- 
ities of the society. This 
was sent to about 300 i 
colleges, junior colleges, 
libraries, service organ- 
izations, scientific soci- 
eties, and similar groups 
in the New York metro- 
politan area. The pub- 
licity and membership 
committee, under the 
chairmanship of Marion 
L. Louis, was respon- 
sible for the project, and 
the art and production 
work was carried on 
chiefly by Edgar Paul- 
ton and Helene Cala- 

maras. é 
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LECTURE HALL 
The American Museum of Natural History 
Central Park West at 79th St., N. Y. 24, N. Y. 
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TRONOMY 1s PRACTICAL 


A Series of Monthly Lectures 
Every First Wednesday, Oct. thru April 


at 8:00 p.m. 
Roosevelt Memorial Building 










ADMISSION FREE 
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Send for our FREE BOOKLET “ENJOY THE STARS” 





HERE AND THERE WITH AMATEURS (continued) 


State City Organization Time Meeting Place 

TEXAS Dallas +Texas A.S. 8:00, 4th Mon. Various auditoriums 
Ft. Worth +*Ft. Worth A.S. 8:00, 4th Fri. Texas Christian U. 
Port Arthur ¢*Port Arthur A.C, 7:30, 2nd Thu. 5228 Fifth St. 

UTAH Salt Lake City ¢*A.S. of Utah 8:00, 2nd Fri. City and County Bldg. 

VERMONT Springfield ¢Springfield T.M.¢ 6:00, 1st Sat. Stellafane 

VIRGINIA Harrisonburg Astral Society 7:30, 8rd Thu. Vesper Heights Obs. 
Norfolk t*Norfolk A.S. 8:00, 2nd, 4th Thu, Museum of Arts 
Richmond t*Richmond A.S. 8:00, 1st Tue. Builders Exchange 

WASHINGTON Seattle t*Seattle A.A.S. 8:00, 2nd Fri. Rainier Field House 
Spokane 7*A.T.M.s of Spokane 8:00, Last Fri. Private homes 
Tacoma Tacoma A.A, 8:00, Ist Mon. Coll. of Puget Sd. 

: Yakima 7*Yak. Am. Ast’mers 8:00, 2nd Mon. Cha. of Comm. Bldg. 

WISCONSIN Beloit +Beloit A.S. 7:30, 2nd. 4th Wed. YMCA Bldg. 
Madison 7Madison A.S. 8:00, 2nd Wed. Washburn Obs. 
Milwaukee t*Milw. A.S. 8:00, 2nd Mon. Public Museum 


Communicate With 
M. Brewer, 5218 Morningside, U-6-3894 
W. Mount, 4326 Birchman 
F, T. Newton, 5213 Fifth St., 2-4807 
Junius J. Hayes, 1148 East 1 S. 
John W. Lovely, 27 Pearl St., 535-W 
M. T. Brackbill, Eastern Mennonite College 
A. Hustead, U.S. Weather Bureau, 21745 
J. S. Stith, 3125 Lamb Ave, (22) 
F. J. Ritscher, 1631 N. 53 St. 
Chet Brown, W. 1117-14th 
Dorothy E. Nicholson, 2816 N. Union Ave 
Edward J. Newman, 324 W. Yakima Ave. 
K. E. Patterson, 318 Public Service Bldg. 
Dr. C. M. Huffer, Washburn Obs. 
E. A. Halbach, 2971 S. 52 St., W. Allis 


E. 
A. 
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URUGUAYAN AMBASSADOR TO UNITED NATIONS 
MEETS SPITZ LABORATORIES STAFF AT ONE 
OF THE PRIVATE PREVIEWS OF THE LARGE 


Model B Spitz Planetarium 





(Left to right) John Jenzano, George Vaux, Gilmore L. Stitely, Robert R. 
Coles, Armand N. Spitz, Ambassador Enrique Rodrigues Fabregat, Wil- 
liam H. Flood, Jr., W. Harold Flood, Ralph Mattia, and Herbert N. Williams. 


The Model B Spitz Planetarium — hi 


for the Centro Municipal de 
Divulgacion Cientifica in Mon- 
tevideo, Uruguay, is now com. 
pleted and has been accepted, 


It has been seen by hundreds 
of people who arrived skeptical 
and went away convinced that 
this modern planetarium pro- 
jector, using new materials and 
methods, is not only the peer 
in performance but exceeds in 
versatility any planetarium ever 
designed and built. 


SPITZ LABORATORIES, Incorporated, is now pre- 
pared to supply a complete planetarium service for 
major installations in educational institutions, mu- 
seums, or ads a community cultural feature, to extend 
the contribution already being made by more than 
100 installations of the small Spitz Planetarium. 


This service includes the building of the planetarium projector in accordance with specifications, 

construction of a prefabricated projection dome and specially built seats designed for planetarium 

use. In addition to expert professional help in connection with all pkeses of planetarium oper- 

ation, public relations and educational programming, Spitz Laboratories has a world of prac- 
tical advice to offer purchasers of large and small planetariums. 


PLEASE NOTE 
| our new address, where vastly great- 
er space and more extensive facili- 
ties are available for our research, 
development, manufacturing, and 
sales operations. 





Describe your problems 


of planetarium planning to men 


whose experience includes the largest and smallest planetarium 
operations in all types of installation and in all parts of the 
world. Everything they know is at your service. 


SPITZ LABORATORIES 


Incorporated 


ELKTON, MARYLAND 
Telephone: ELKTON 666 
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Block-and-Giap in the 
Introductory College Cease 

College calendars are normally so ar- 
ranged that the teacher of astronomy 
can place his introductory course in one 





CROAT 





onee, a es — 


seem 


Somers 





) of two categories, according to the num- 


her of lectures permitted by the schedule. 
Two-semester courses (or their equiva- 
lent in quarters) provide ample time 
for lectures on all topics traditionally 


| presented in elementary astronomy. If, 


however, the schedule calls for a one- 
semester course, it is clear that the sub- 
ject matter must be tailored drastically 
in some fashion. It is with such short 
courses that this note deals. 

The position of the course in a 
sequence leading to the bachelor’s degree 
in astronomy cannot be neglected. We 
shall assume, however, that a long 
course is also offered to prospective 
majors, or that an intermediate-level 
class is provided to supplement the short 
course. It will be supposed, then, that 
the short course is primarily for those 
who are not majoring in any of the 
physical sciences. 

One obvious solution is to survey 
briefly all aspects of astronomy — to 
present a dilute version of the long 
course. The argument for this plan is 
the desirability of introducing the stu- 
dent, however sketchily, to all phases of 
astronomy. ‘This is commendable, pro- 
vided important educational objectives 
do not suffer. The value of such a 
course must be measured by other yard- 
sticks than comprehensive coverage. 

What should the introductory course 
accomplish? Certainly, at the end of 
the term, the student is to have some 
familiarity with the principal astronomi- 
cal phenomena; with the structure of 
the solar system, the Milky Way, and 
the extragalactic universe; with the na- 
ture of planets, comets, stars, nebulae, 
and the like. This descriptive function 
is important, and such a passive view of 
astronomy is adequately provided for in 
a survey course. 

_ It is generally accepted, however, that 
in a course at college level the student 
should also become acquainted with the 
basic data on which the current descrip- 
tive picture is founded, the methods by 
which data are collected and evaluated, 
and the physical laws invoked or derived 
during the analysis. ‘Time is surely need- 
ed to relate strictly astronomical matters 
to current work in allied fields. Finally, 
although it is now recognized that the 
old concept of the scientific method is 
not valid, it is of the greatest importance 
that an educated person have some ap- 
preciation of the accepted standards of 
intellectual probity in research. He 








™ »% SKY AND TEACHER *% % 


Conducted by STANLEY P. WyatTT, JR., for the 
Teachers’ Committee of the American Astronomical Society 


should understand the roles played by 
observation, inspiration, and __ logical 
analysis of data. He should be shown 
examples of verification, modification, 
and disproof of hypotheses, and of the 
influence of the inevitable observational 
errors. 

The objectives of the introductory 
course thus run far beyond a description 
of the current view of the astronomical 
universe, and should be at least partially 
realized in the abbreviated course. 

At the University of Michigan we 
have been led to adopt the “block-and- 
gap” plan for our short course. We were 
convinced, at the outset, that a survey 
course would contribute very little to 
the student’s education. Instead, we de- 
cided to make a judicious selection of 
topics, which were to be treated nearly 
as thoroughly as is customary in long 
courses. Between these blocks, we 
should necessarily leave the gaps — 
topics entirely omitted, or mentioned 
only cursorily. 

The decision to adopt the block-and- 
gap system was easily taken; the actual 
selection of the blocks has required con- 
tinuous experimentation, in which the 
enthusiasms (and prejudices) of the in- 
structors have been important. 

Our criteria for inclusion or rejection 
of subject matter have not been reduced 
to a formal statement, and each of the 
three instructors has made the selection 
which seemed to him most appropriate 
to the objectives of the course. Never- 
theless, we have followed substantially 
the same procedures in our planning. A 
few broad topics have been selected. 
Some of these are treated in a consecu- 
tive series of lectures; others serve as re- 
curring themes which lend continuity 
to the course. By proper choice, signifi- 
cant descriptive features are introduced, 
yet there is time for full discussion 
of problems which the instructor feels 
suited to illustrate the spirit, content, 
and methods of modern research. 

Representative topics that we have 
adopted include the development and 
application of the laws of motion and 
gravitation, the measurement of astro- 
nomical distances, and the problem of 
evolution in astronomy. 

Despite the necessity for omitting sub- 
jects traditionally taught in the first 
course (the writer, for example, does not 
lecture on time and spherical co-ordi- 
nate systems), it is our opinion that the 
block-and-gap technique is superior to 
the survey course, and that intensive 
treatment of properly selected subjects 
is far more stimulating to the good stu- 
dent than a necessarily superficial sur- 
vey of the entire astronomical domain. 

We have encountered one additional 


problem — choice of textbook. A text 
written for a brief survey course is un- 
fitted for the block-and-gap course with 
its detailed discussion of a limited num- 
ber of topics. It is also impossible that 
a book could be found to match the 
blocks chosen by any one instructor. In 
any case, it is essential that the text pro- 
vide reference material for the student 
who is incited to browse in the gaps. 
We have therefore adopted one of the 
standard, full-length texts, from which 
we select assigned reading to accompany 
and supplement the lectures, and find 
this procedure entirely satisfactory. 
FREEMAN D. MILLER 
University of Michigan Observatory 
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PRECISION 
ASTRONOMICAL INSTRUMENTS 


Refracting Telescopes, optics or 
complete instruments including 
dual-speed motor drives, in 
sizes 4", 6”, 8”, and larger. 


OUR SPECIALTY 


is “hard-to-get” items, such as: Pro- 
fessional-type Mountings, Position 
Filar Micrometers, Solar Diagonals, 
Turret Eyepiece Holders, Spectro- 
graphs, Projecting Reticles for guide 
telescopes, and others. 
ALL INSTRUMENTS CUSTOMED 
AND BEAUTIFULLY FINISHED 


CARROLL & BOHANNON 


3415 Santa Carlotta St. La Crescenta, Calif. 























Happy Welcome 1954!! 


After New Year resolutions comes a 
glance back to take stock for the year 
that has just passed. We advertised 
our new set of charts and then struck 
a snag that is about hurdled, and we 
hope to have them ready by the time 
you read this ad. We are thinking 
about new things, and we are planning 
several new services for the current 
year, so be sure to read our ad every 
month. 

We plan to advance with new serv- 
ices; what about you? Haven't you 
delayed ordering charts (or slides if 
you have a 35-mm. projector) long 
enough? We are waiting and ready to 
fill your order. Incidentally, your order 
can help speed up our plans for these 
new things. We invite you to advance 


with us. 

2 slide sets — 3 chart sets ............ $27.50 
2 slide sets — 2 chart sets ............ $24.50 
2 slide sets — 1 chart set ............. $21.50 
1 slide set — 3 chart sets ............. $18.25 
1 slide set — 2 chart sets ............. $15.25 
1 slide set — 1 chart set ..........+... $12.25 
3 chart sets ... $9.25 2 slide sets .. $18.50 
2 chart sets ... $6.25 1 slide set ... $ 9.75 
1 chart set .... $3.50 Single slides . $ .50 
Single charts .. $ .20 


Large wall charts (all available) 27” x 35”, 
are $3.50 each; discounts on quantities. 


Send a card —new circular just out. 


ASTRONOMY CHARTED 


33 Winfield St., Worcester 2, Mass., U.S.A. 
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MAN AND HIS PHYSICAL that one has made an exciting integratig, si 

r P| ; UNIVERSE Sole number of important physical pig en 
3 anetarium An Integrated Course in Physical Science pense ile learning the Picture-making ci 
Richard Wistar. John Wiley and Sons, Although of necessity extremely briet : 


has been installed at 
RICE PLANETARIUM 
St. Petersburg, Florida 


Inc., New York, 1953. 488 pages. $4.75. 


NLIKE those college courses in gen- 

eral physical science which offer a 
drastically abridged review of astronomy, 
chemistry, geology, and physics, Richard 
Wistar has attempted to present a broad 
picture of several limited areas in science. 
Admittedly addressing the future citizen 
more than the future scientist, the author 


the part on astronomy is presented ; 
fairly unified fashion. Errors of fact pe 
however, with surprising frequency; the 4 
sun on June 21st, for example, assuredly 
does not rise 2314° north of the east Point | 
from wherever visible; the earth’s albedo | 

is certainly not equal to the moon’s; nor © M 
does the axis of rotation of Uranus in gen. N 
eral point nearly toward the sun. From " 
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SPITZ LABORATORIES, INC. 


ELKTON, MARYLAND 
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————_— = aaa — science by demonstrating how the scientist t & th 4 nig sape whet Complete mys. p ON 
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The British to the contemporary world. art om & Fouic Ocean. it seems gt 
Astronomical Association The book is divided into six units: Pho- 4ciuee Pook titled as this one is shoud fa 
Founded 1890, now 2,000 members tography, The Solar System and —— limits of vince ag sstronceaal : : 
Open to all interested in astronomy | | oe bang pai ~~ we e" a picture of the universe | 7 
Chief objects are mutual assistance in ob- Atomic Structure. The section on photog- die alas go ye — ee are th 
servation, and circulation of astronomical raphy seems to embrace more than its The Peers ap? (o a " F es 
information. Publications: Journal, about share of physics. One encounters cameras 1 heads r ‘rh eae 
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lars giving astronomical news; Memoirs optics: but there is also included here a cussion of earthquake waves and of the tof 
of the Sections (Sun, Moon, Planets, Com- | rset of sound and the physics of correlation of data on past glaciations with str 
ets, Aurorae, Meteors, Variable Stars).]| music. Although intrinsically interesting, astronomical phenomena cuts nicely across be 
For further particulars write | these latter topics are ill-placed and de- — wage te —_ that purports - 

The Assistant Secretary, B.A.A. | tract from the coherence of the unit. Sum- = i ea ee igo ps 
303 Bath Rd., Hounslow West marily, the reader gains a good notion of haps even to a as abstruse as tidal si z 
Middlesex, England ; | how to make a picture and how to handle : d ls . “ef : evolu- sat 
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’ the boundaries between the four physical sla 

a Se ee Poa a a sciences are artificial. eve 
—<—= Forecasting the weather is fun for any- 4 
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MAKING YOUR OWN TELESCOPE, by Allyn J. Thompson —This book gives link between earlier subjects: earth and § tha 
complete instructions on how to make a 6-inch reflecting telescope ....$4.00 oe sil i a Ast 
INSIGHT INTO ASTRONOMY, by Leo Mattersdorf—A book for the layman ‘a ace Manan a eae an nr 
answering the questions the average person has on astronomy ........ $3.50 is in some respects promisingly differet Both 
RELATIVITY AND ITS ASTRONOMICAL IMPLICATIONS, by Philipp Frank — in approach, it is disheartening to find the | gat 
The general theory of relativity discussed for the layman .............. 50 usual textbook treatment of hard-rubber abo 
SKY SETS I—24 pictures of the solar system and galactic objects, each 81/2 rods, cat’s fur, and pith balls. A a8 

x 113%, inches printed on heavy paper, with a white border. A separate sheet telephone, radio, television, and automobile and 
PR Bg 00 ignition systems are included, this section low 

ee ORIN BOERNE co Coie c's sale 5:09 5 ies S9-4:0s vido Once 4 a> HOARE sma icete aduie-in alicesvanies. “Gace } ; 
MOON SETS— 18 separate pictures from Lick Observatory negatives, each hand, the general picture of electromag- par 
81/. x 1134 on a sheet 12 x 18 inches. Small key charts are provided for the identi- ssihoe does not emerge clearly; on the at 
fication of lunar seas, mountains, and craters ...........ec eee eeeeceeees $3.00 other hand, the practical topics are not ai 
ATLAS OF THE HEAVENS — 16 charts covering the entire sky, each 18 x 24 dealt with in sufficient detail to train the emf 
inches, make up the Skalnate Pleso Atlas of the Heavens. The charts show reader as a handy man. beli 
all stars to visual magnitude 7.75, including binary and multiple stars, and The final unit, atomic structure, is pre- dest 
variables. All galaxies brighter than 13.0 are included, as well as clusters and sented soundly and interestingly. Under- of f 
nebulae, and Milky Way outlines ................cccccccccce ccc ccececs $6.00 standing would be enhanced, probably, if For 
MAPPA COELESTIS NOVA — A map of the northern sky, 25 inches in diameter. a few of the facts about radiation - and 
Six colors are used to indicate the spectral types of all stars brighter than the fundamental particles were marshaled s 1588 
5th magnitude. The map shows the magnitude of each star, as well as the the beginning, rather than falling out one TA 
names of the brighter ones. A decorative display piece ................ $5.00 by one as by-products of a a ism 
WORLD-WIDE PLANISPHERE, by William H. Barton, Jr.— A book of basic con- pig he er, ae 1 ps i. a 

stellation charts and masks to show the stars above the horizon at any time of Se Xai sang oa 

- etary motion is admirable: it gives a sense tend 
night or year, at all latitudes, northern and southern .................... $3.00 of historical perspective. Here, the history Johe 
THE NATURE OF COSMIC RAYS, by W. F. G. Swann—An introduction to gets a bit in the way and deflects one from criti 
the problems confronting scientists who seek to determine the nature and getting at the facts. nom 
origin of the most energetic particles that reach our earth from space ...... $.50 In spite of mistakes in detail, Man and Fete 
Payment should accompany your order; stamps accepted. His Physical Universe is warig 7 ~ 
. . ° ling for those whose interests hap olitic 
S Publishin Co oration roan Caiage Gtnervateny rig sed on two or three of the six units J in 1 
ky g rp Cambridge 38, Massachusetts and who do not object to a somewhat | by } 





cursory presentation of the basic laws. 
But the reader who takes the subtitle at 
its face value and hopes to gain Teal in- 
the unity of the physical sci- 
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C8ration sight into nity ¢ ‘ 
al prip. ences, the similarities in method, the prin- 
"Making FF ciples. useful in all, and the interlocking 
' of subject matter, is probably due for dis- 
y brief appointment. 5 ae 
nted jp STANLEY P. WYATT, JR. 
t Occur University of Illinois Observatory 
Cy: the ee ee ee 
ps ASTROLOGY AND ALCHEMY: 
<a. ; Two Fossil Sciences 
‘i 


8; nor | = Mark Graubard. Philosophical Library, 
IN gen. New York, 1953. 382 pages. $5.00. 


From : f ; 
N ENTERING Cambridge Univer- 


Strono. © 

hat the © sity in 1660, the youthful Isaac 
e mys. | Newton, asked what he wished to study, 
> moon | replied, “Mathematics, because I wish to 
seems _ test judicial astrology.” This anecdote has 
should. a strange and even unpleasant ring to us, 
> Outer. _ living in an age when astrology has been 
al re wholly discredited among the educated. 


niverse |F Although it is a rather late example, 
er, are the story reminds us that until the 17th 
aS, century astronomy and astrology had been 
very intimately intertwined. Most of the 





> well | 
Sense great astronomers from Ptolemy down to 
1 dis- that time wrote extensively on astrological 
of the topics, and their astronomical views were 
s with strongly colored by their astrological 
across beliefs. Thus the long-range history of 
rports astronomy is intelligible only if some at- 
ought tention is paid to astrology, quite apart 
}, per from the falsity of the latter, much the 
evolu- same way that the student of American 
argely history must read the books defending 
ysical slavery if he is fully to appreciate the 
eve of our Civil War. 
"any: The historic relation between astrono- 
onent my and astrology is clearly explained by 
ir at- Ptolemy in the opening words of his 
f the astrological treatise, the Tetrabiblos, which 
letric in medieval times was more widely known 
and : than his purely astronomical Almagest. 
Astronomy he defines as the science which 
etism } predicts the motions and aspects of the 
that I sun, moon, and stars with respect to each 
erent other and to the earth; astrology investi- 
1 the i gates the effects that these aspects bring 
' 


bber | about. Ptolemy thus regarded astrology 


ough as the practical application of astronomy, 
obile and this viewpoint characterizes the fol- 
tion F lowing 14 centuries. 

) 7 ; 
one Perhaps the most generally interesting 
nag- { part of Graubard’s history of astrology 
the is his explanation of its decline and sub- 
not stantial disappearance. He puts much 
the emphasis on ecclesiastical opposition. The 

belief that the stars controlled human 
pre- destiny offended the theological doctrines 
der- of free will and the omnipotence of God. 
yy Ml For example, papal bulls against astrology 


and and magic were issued by Sixtus V in 
| at 1585 and Urban VIII in 1631. 


one Another factor was the growing formal- 
re- ism of astrology from the 14th century 
ok, | on, which ossified it into mere processes 
an and banished the spirit of inquiry. This 


ns¢ tendency invited attacks like that by 
oY | Johann Essler of Mainz in 1508, who 
om criticized the astrologers’ neglect of astro- 
nomical advances, and their use of obso- 


and lete and erroneous planetary tables for 


" their forecasts. The most thorough dem- 
r dlition of this sort was by Pierre Gassendi 
in 1655, whose influence was heightened 


ts 
hat 
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The Sun 


Edited by GERARD P. KUIPER. The Sun is the first of 
four volumes to collect and systematize our knowledge 
of the solar system. It is written by a group of twenty- 
three experts (among them, M. Minnaert, G. Van Bies- 
broeck, and Horace and Harold Babcock) who have, each 
in his own field, been among the most successful in ex- 
tending the boundaries of science. Chapters cover the 
solar interior. solar energy, composition, “activity,” 
“weather,” radio astronomy, and the corona. A special 
chapter, the work of thirteen specialists, gives full details 
on the latest technical devices, such as rockets, interfer- 
ence filters, and radio telescopes. The work as a whole 
is a complete and fully documented handbook, written 
and illustrated with great care, and embracing the entire 
range of solar physics. The titles of the other volumes 
(forthcoming) are: II. The Earth as a Planet; U1. Planets 
and Comets — Planets and Satellites; 1V. Planets and 
Comets — Asteroids, Meteorites and Meteors, Comets, 
Problems of Origin. 784 pages. Illustrated. $12.50 


The Atmospheres of the 
Earth and Planets 


(REVISED EDITION ) 


Edited by GERARD P. KUIPER. A complete, up-to-date 
revision of a basic work, first published in 1949, incorpo- 
rating new data on our upper air and the ultraviolet and 
x-ray spectrum of the sun; the night-sky and auroral 
emissions; nitrous oxide in our atmosphere and its con- 
nection with the life cycle; the infrared spectrum. The 
origin and early history of the earth are developed and 
the origin of our atmosphere is traced with the aid of the 
noble gases; the probable origin of the atmospheres of 
the giant planets, Jupiter to Neptune, is discussed, as well 
as their present composition and temperatures. A new 
determination of cosmic abundances of the chemical ele- 
ments and a current review of the Mars problem are 
included. 

434 pages. Illustrated. $8.50 cloth; $5.50 paper 


At your bookstore, or from 


THE UNIVERSITY OF CHICAGO PRESS 


5750 Ex_utis AVENUE, CHICAGO 37, ILLINOIS 
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SKY-SCOPE 


The new and improved 3!,,-inch 
Astronomical Telescope that 
amateurs everywhere are 
talking about. 
Completely Assembled—$29.75 
Equatorially Mounted, 60 Power 
\Y%4-wave Aluminized Mirror 
Ramsden Type Ocular 
125x & 35x Supp. Eyepieces, ea. $5.15 
6-power Finders .... postpaid, ea. $7.50 
We invite your attention to our free bro- 
chure describing in a straightforward man- 
ner the instrument’s amazing performance. 
THE SKYSCOPE CO., INC. 
475-s Fifth Avenue, New York 17, N. Y. 




















FSCO PRODUCTS} 


COMPLETE TELESCOPE KITS 
OUTFITS & ACCESSORIES 


@ High and low power eyepieces 

® Cells, Tripods, Saddles 

@ Equatorial Mountings 

® Large tubes from 4”, 5", 6”, 7” dia. 


Your Best Buy of Ages! 
Fully Achromatic HASTINGS TRIPLETS 
with Field Lens, Mounted in Aluminum 
Barrel (4 elements) 
osneee $12.50 1/4” ef! 
o0eeee $14.75 1/5” efl_ ......$19.50 
(without Field Lens) 
WRITE TODAY FOR YOUR FREE COPY 
OF OUR 1954 ILLUSTRATED CATALOG 


Esco PRODUCTS Factory: 
“ HOBOKEN 
Visit our Showroom—Open Sat. until 3:00 P.M. 


134 West 32nd St., Rm. 204-E, N. Y. 1, N. Y. 


1/2” efl 
1/3” efl 














his position as astronomer to the King 
of France. 

Most important of all the causes of 
astrology’s demise was the enormous 
growth of astronomy in the 17th century, 
spurred by improvements in observational 
techniques and by the acquisition of 
powerful new mathematical methods. 
With the rapid advance of astronomy 
came a new intellectual climate in which 
astrology could not be taken seriously. 

The last third of Graubard’s book deals 
in somewhat less systematic fashion with 
the analogous interrelation between al- 
chemy and chemistry. It is instructive 
to see the vicissitudes of astrology and 


alchemy portrayed together. Just as astro. 
nomically useful observations were made 
for astrological purposes, so many early 
chemical discoveries were by-products of 
searches for the philosopher’s stone and 
the elixir of youth. There is much anal- 
ogy in the causes of decline of the two 
fossil sciences; and as the rise of Ney. 
tonian celestial mechanics banished astrol- 
ogy, the chemical revolution of Lavoisje; 
drove out the last remnants of alchemy. 

Graubard has taken evident pains t 
suit his book to the wider circle of those 
interested in the history of science and 
of ideas, rather than to the specialist alone 


J.A. 





NEW BOOKS RECEIVED 


Fun with Astronomy, Mae and Ira Freeman, 
1953, Random House. 58 pages. $1.50. 

Suitable for beginners of every age, this 
book provides a first introduction to astronomy. 
There are numerous simple experiments, such 
as measuring the diameter of the sun with 
a pinhole. About 100 photographs and dia- 
grams illustrate the book. 

Tarcet: Eartu, Allan O. Kelly and Frank 
Dachille, 1953, Pensacola Engraving Co., 
Pensacola, Fla. 263 pages. $5.90. 

The authors advance the theory that meteor- 
ite collisions have been a major factor in the 
recent history of the earth. A wide variety 
of geological formations is attributed to either 
direct impact or to flooding caused by the fall 
of huge meteorites into the oceans. The content 
of this rather unorthodox book is more geo- 
logical than astronomical. 

Tue REvo.ution 1n Puysics, Louis de Broglie, 
1953, Noonday Press. 310 pages. $4.50. 

Writing for the layman, the author describes 

the developments in atomic physics during the 


present century. The main topics treated are 
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Methods, tests, projects: small-scale 
lens production, camera lens making, 
homemade aluminizing equipment, 
spectrograph making, fine flat mak- 
ing, spherometer making, Schmidt 
camera making, building a_ solar 


2 WEST 45TH STREET 


Announcing 


AMATEUR 
TELESCOPE 
MAKING 


Edited by ALBERT G. INGALLS 


A new third volume of the ATM series; 644 pages, 280,000 words, 
320 illustrations; makes a set with AMATEUR TELESCOPE MAKING 
(Book One) and AMATEUR TELESCOPE MAKING (Book Two). An | 
immense and diverse collection of contributions by advanced 
amateurs and professionals, many of whom began as amateurs. 


monochromator, amplifiers for 
photometry, optical bench. New 
PRICE 


SCIENTIFIC AMERICAN, INC. 


=] 


methods of lens design. Ray tracing | 
simplified. Servicing and collimating 
binoculars. Barlow lens. Descrip- 
tions of 91 eyepiece types and speci- 
fications of 39. Some of these chap- 
ters are books in themselves. Illus- | 
trated informal biographies of the 
authors. 


87.00 








NEW YORK 36, N.Y. 
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the quantum theory of matter and radiation, 
and wave mechanics. One of the outstanding 
French physicists of today, Louis de Broglie 
received the Nobel prize in 1929 for his con. 
tributions to this subject. The translation js 
by Ralph W. Niemeyer. 
A Guipe to tHE Moon, Patrick Moore, 1953, 
W. W. Norton and Co. 255 pages. $3.95, 
The secretary of the lunar section of the 
British Astronomical Association has written 
this handbook of the moon for amateur astron- 
omers and lay readers. The emphasis is on 


lunar surface features, with brief descrip. | 





tions of over 200 of the most important mark. 


ings. 


DIALOGUE ON THE GREAT Wortp Systeys, | 


Galileo Galilei, 1953, University of Chicago 
Press. 506 pages. $12.50. 

This is an English version of Galileo’s fa 
mous classic, edited by Giorgio de Santillana 
and based on T. Salusbury’s translation of 
1661. There is an extended historical intro- 
duction, and numerous critical notes are pro- 
vided. 

DIALOGUE CONCERNING THE Two CulEF 
Wor tp Systems, Galileo Galilei, 1953, Univer: 
sity of California Press. 496 pages. $10.00. 

Stillman Drake has made a_ new transla. 
tion into modern English, based on the defini- 
tive Italian edition of the Dialogue prepared 
under the direction of Antonio Favaro and 
published in Florence in 1897. There is a 
foreword by Albert Einstein. 

Screntiric AMERICAN READER, edited by the 
board of editors, Scientific American, 1953, 
Simon and Schuster. 626 pages. $6.00. 

Fifty-seven articles that have appeared in 
Scientific American during the last five years 
are reprinted here, usually in slightly con- 
densed form. The subjects range from galaxies 
to genes, and hydrogen bombs to chess-play- 
ing machines. The sections on astronomical 
themes are by Gamow on galaxies, Bok on 
the Milky Way, Gray on the Mount Palomar 
Observatory, Whipple on the origin of stats 
and planets, and Lovell on radio stars. An 
article by Marshak is on the energy of stars 
THE HANDBOOK OF THE BritisH ASTRONOM/- 
CAL ASSOCIATION 1954, edited by J. G. Porter, 
1953, British Astronomical Association, 303 
Bath Road, Hounslow West, Middlesex, Eng: 
land. 60 pages. 3s for members; 5s for non- 
members. 

Every serious observer will find the BAA 
Handbook an invaluable aid. It contains 
ephemerides of the sun, moon, planets, and of 
the periodic comets expected to return 1 
1954. There are predictions of phenomena 0 
Jupiter’s satellites, and data for identifying 
the moons of Saturn. A very useful feature 
for the amateur is the set of finding charts for 
Uranus, Neptune, and Pluto. 

This year’s Handbook contains some new 
features. One is the list of predictions of 
occultations of stars by planets. Observers 
in the United States will be able to see 0 
cultations by Mars on April 2, 14, and June 6, 
and by Vesta on December 22, 1954. Another 
useful feature is the greatly expanded collec- 
tion of data on the principal meteor shower 
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GLEANINGS FOR ATM’s 


EDITED BY EARLE B. BROWN 


Nores on Basic Optics — V 


F. Pupils and Aperture Stops 


1. Introduction. The subject of pupils 
and aperture stops is seldom adequately 
covered in optical texts, yet its importance 
cannot be overestimated in understanding 
the function and design of optical systems. 

The general situation is this. Every 
optical instrument consists of two distinct 
optical systems. The more familiar image- 
forming system defines essentially what 
the instrument does, and determines its 
magnification and image quality. The 
second is the pupil-forming system, which 
determines how well the instrument works, 


oblique bundle; it crosses the optical axis 
at the center of the pupil. 

On drawing this ray as the heavy line 
in Fig. 15, we see that P’ is the image of 
the point O formed by the eyepiece. 
Hence, its location is found by Equation 1 
of our May installment, 1/d’ — 1/d = 1/f, 
where d’ is S, d is —(f’ + £”), and f =f”. 
Therefore, 

£” (f’ -b 1") 

Clearly, the whole exit pupil is nothing 
but the image, formed by the eyepiece, 
of the objective lens. The diameter of 


EYEPIECE 


OBJECTIVE 


Exit 


Fig. 15. The formation 








of the exit pupil. 











its illumination, eye relief, and the like. 
To give a workable instrument, the optical 
components must be chosen to satisfy the 
requirements of both systems simultane- 
ously. 

2. The Exit Pupil. By considering a 
simple telescope, the Keplerian system 
shown in Fig. 15, we can explain the 
function of the exit pupil. The telescope 
has an objective of focal length f’ and 
an eyepiece of focal length f”’, separated 
by the distance f’ +f”. From previous 
discussions, we know that a parallel beam 
incident on the objective from a point 
object on the optical axis at infinity will 
focus to a point F and then be transformed 
by the eyepiece into a parallel emergent 
beam, shown by the thin solid lines in 
Fig. 15. 

Now consider a parallel beam incident 
from an off-axis point, entering the same 
system at an angle 8. As shown by the 
dashed lines, this bundle will also emerge 
from the eyepiece as a parallel beam, at 
an angle 8’ = m@, m being the magnifica- 
tion. 

The two emergent beams intersect at 
P’, at a distance S from the eyepiece. If 
bundles of rays at other angles are con- 
structed, they will all intersect the axial 
bundle at this same point. The exit pupil 
is the constricted area through which all 
these bundles of light pass, and is named 
for its analogy to the pupil of the eye. 

Evidently, in using the telescope, the 
observer must place his eye at the exit 
pupil to see all the image. If his eye is 
displaced from the exit pupil some of the 
light bundles will be lost. The exit pupil 
is the knothole through which one must 
look to see the image and, as any small 
boy knows, to see effectively through a 
knothole one must put his eye as close to 
it as possible. 

The exit pupil is readily located. In 
Fig. 15, note the central ray of the bundle, 
Pt, which passes through the center of 
the objective and through the off-axis im- 
age point, and then emerges as the central 
tay of the emergent beam. This is com- 
monly called the principal ray of the 


this image, following our discussion in 
September, is given by 

Exit pupil S 

as , (11) 

Objective cs 
as the diameter of the objective lens is 
the object in this case. Substituting into 
this the value for S found in Equation 10 
gives: 





Exit pupil £° 1 
Objective £ m 

3. The Entrance Pupil. The foregoing 
result is of general interest, because in 
this case the objective is the same as the 
entrance pupil. Equation 12 states that 
the ratio of the diameters of exit and en- 
trance pupils is the reciprocal of the mag- 
nification. In other words, the greater the 
magnification, the smaller the exit pupil. 


4. Aperture Stops. The objective lens 
of a system is not necessarily the entrance 





Complete Telescopes 


and 
Supplies 


Ramsden 
Eyepieces 
Combination 
Eyepiece and 
Prism Holders 
Mirror Cells 
Finders 


Equatorial 
Mountings 


Prisms 
Send for a 
price list 





Cc. C. YOUNG 


25 Richard Road, East Hartford 8, Conn. 











BERAL COATINGS 


The following prices now apply on BERAL 
coatings for telescope mirrors: 


3” diam. $2.50 8” diam. $4.50 
4” diam. 2.75 9” diam. 5.50 
5” diam. 3.00 10” diam. 6.50 
6” diam. 3.50 11” diam. 8.50 
7” diam. 4.00 121%” diam. 9.75 


All prices f.o.b. Skokie, III. 
Minimum order $2.00 


BERAL coatings are not overcoated with 
fluorides, quartz or silicon monoxide. They 
contain no chromium, and as a result they 
can be easily removed without danger of 
harming the glass supporting surface. The 
efficiency of BERAL coatings is uniformly 
— so that mirror performance is at its 
est. 


LEROY M. E. CLAUSING 


8038 MONTICELLO AVE. SKOKIE, ILL, 











Astronomical Supplies 


ORTHOSCOPIC OCULARS 
All hard coated 

28 mm. $13.00 7 mm. $15.50 

16.8 mm. $13.50 4 mm. $16.50 

10.6 mm. $14.75 


Warranted to equal or surpass any 
oculars obtainable anywhere or money 
refunded. 


pupil. In fact, this is the case only for 
such very simple instruments as astro- 
nomical telescopes. It does not apply, for 
example, to a telescope with an erecting 
lens system, through which we draw the 
axial bundle of rays shown in Fig. 16A. 

Now suppose the first erector, Li, is 
too small to pass the entire bundle of 


Mirrors, kits, castings, spiders, flats, 
focusing devices, prisms, aluminizing. 


Send for Catalogue. 


Jelescopics 


1000 N. Seward St., Los Angeles 38, Calif. 











ORTHOSCOPIC OCULARS 


WE HAVE IN STOCK for immediate delivery 
the best eyepiece ever produced for astronom- 
ical and scientific work, with the following 
characteristics: 

1. Four-element design giving a flat, beautiful- 
ly corrected field of 50° covering more than 
160 per cent of the area of the conventional 
Ramsden for the same power. This eyepiece is 
a “must” for RFT work. 

2. Precision optical elements, magnesium 
fluoride hard coated, increasing the light trans- 
mission approximately 10 per cent. 

8. Simple take-down for cleaning. 

4. Precision metal parts black anodized for 
anti-reflection and ground to 144” O.D 

5. Clean mechanical design permitting com- 
fortable observation and ease of focusing. 











Price postpaid, $15.95 each 
These eyepieces are produced in 4 mm., 8 mm., 16 mm., and 32 mm. effective focal lengths only. 


California residents, add 3% sales tax 


Box 126, Montrose, California 


CHESTER BRANDON 
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WAR SURPLUS BARGAIN 


PTICS 


!!!MOUNTED EYEPIECES !!! 
SUPERIOR QUALITY! 
SUPERIOR WORKMANSHIP! 
THEY CAN’T BE BEAT! 
Have a large stock of precision war surplus 
lenses. Had them mounted in precision 14” 
outside diameter mounts. Result! You would 
pay 8 to 4 times more elsewhere, Our price 
can't be beat. 
22 mm (27/32”) Kellner eyepiece contains ce- 
mented achromat and a non-achromatic lens. 


$6.00 
Magnesium-fluoride hard coated $6.75 
82 mm (14”) contains a cemented achromat 


and a non-achromat ... Not coated $4.50 

SYMMETRICAL EYEPIECE LENS SET 
Each set consists of two magnesium-fluoride 
coated and cemented achromats, and exact 
Gov’t. spacing diagram. Gives wide flat field. 
14” E.F.L. (20X) Lens Set 13-mm dia. $4,50 
%” E.F.L. (18X) Lens Set 18-mm dia. $3.50 
ACHROMATIC TELESCOPE OBJECTIVES — 
Perfect magnesium-fluoride coated and ce- 
mented Gov't. Surplus lenses made of finest 
Crown and Flint optical glass. They are fully 
corrected and have tremendous resolving power 
and can be readily used with 4” F.L. eye- 
pieces, Guaranteed well suited for Astronomical 
Telescopes, Spotting Scopes, etc. Gov't. cost 
approximately $100.00. 

Diameter Focal Length Each 
54mm (2%”) 300 mm (11.811”) $12.50 
54 mm (2%”) 330 mm (13”)..... 12.50 
54 mm (2%”) 390 mm (15.356)... 9.75 


Not coated 


54 mm (21%”) 508 mm (20”)..... 12.50 
54 mm (24%”) 600 mm (231%4”)... 12.50 
78 mm (3 1/16”) 381 mm (15”)..... 21.00 
81 mm (8 3/16”) 622 mm (24%4”)... 22.50 
83 mm (314”) 660 mm (26”)..... 28.00 
88 mm (314”) 711 mm (28”)..... 28.00 
83 mm (314”) 876 mm (341%4”)... 28.00 
83 mm (314”) 1016 mm (40”).... 30.00 


110 mm (45%”)* | 1069 mm (42 1/16” 
*Not coated 60.00 
We can supply ALUMINUM TUBING for the 
above lenses. 
Rectangular Magnifying Lens — Seconds, 

sells for $6.50. Size 2” x 4” 
First Surface Mirror 14”x16” 14” thick. . 
First Surface Mirror 8”x10” 14” thick.. 4.25 
First Surface Mirror 4”x4” 14” thick... 1.50 
First Surface Mirror 114”x14” 1/16” thick .25 
Optical Peep Sight — Use as camera view- 
finder, etc. Dia. 144”, weight 1%4 oz. ... $1.00 
LENS CLEANING TISSUE — 500 sheets 74” 


x 11”. Bargain priced at only ....... $ s 


RIGHT ANGLE PRISMS 
8-mm face..ea. $ .75 28-mm face.. 
12-mm face. .ea. -75 38-mm face..ea. 2.00 
23-mm face..ea. 1.25 47-mm face..ea. 3.00 
!!!NEW LOW PRICES!!! 


BEAUTIFUL IMPORTED BINOCULARS 
Precision made, at a low low price within the 


reach of every man’s pocketbook. Complete 
with carrying case and straps. 

6 x 15 Ind. Focus .. Coated ..... $16.00* 
8 x 25 Center Focus ............. 23.30* 
8 x 30 Center Focus ............. 27.50* 
1 x 85 Center Focus .. Coated ... 41.50* 
7 x 60 Ind. Focus .. Coated ..... 35.00* 
7 x 60 Center Focus .. Coated ... 39.25* 
10 x 50 Ind. Focus .. Coated ..... 45.00* 
16 x 50 Center Focus .. Coated ... 55.00* 


*Plus 20% Federal Excise Tax 





“MILLIONS” of Lenses, etc. 
Free Catalogue 











We pay the POSTAGE — C.O.D.’s you pay 


postage. Satisfaction guaranteed or money re- 
funded if merchandise returned within 10 days. 
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light, as shown by the dashed lines. Then 
only the bundle indicated by solid lines 
gets through to the exit pupil. The effect 
is as if we had reduced the diameter of 
the objective. 

Next, what has happened to the light 
bundles from off-axis points? The largest 
bundle of light which can get through Li 
from the off-axis image point P is that 


ER AT 


and aperture stops are very important jp 
optical design. Upon the proper location 
of the pupils depend such performance 
characteristics as size of field of view ang 
illumination. 

For a visual instrument, the exit pupil 
should be situated where the eye can be 
placed exactly in it, otherwise the field 
of view is reduced. The reason the Gali. 











ENTRANCE 
PUPIL 








Fig. 16. Illustrating the 
principle of aperture 
stops in an erecting lens 
system, and the manner 
in which entrance pupil 
and exit pupil are related 
in the  pupil-forming 
system. 








shown in Fig. 16B. By the argument used 
above in Section 2, the exit pupil is now 
the image of Li instead of the objective. 
And if we draw the complete picture for 
two off-axis points (Fig. 16C), we see that 
the entrance pupil is the image of Li 
formed by the objective. 

We call L; the aperture stop of the 


Fig. 17. Vignetting by 


lean telescope, commonly used in opera 
glasses, has such a small field of view is 
that the exit pupil lies inside the instru- 
ment. This is shown in Fig. 18, which 
represents a Galilean telescope consisting 
of an objective lens and a negative eye- 
piece lens, separated by the distance 
f’ +f". Thus, this arrangement, although 


ts ea 
PS eee. ek ee 








a too-small objective. ¥e 


system; it is the point where the axial 
bundle suffers its maximum restriction. 

The results found above may be sum- 
marized in more rigorous language as 
follows: 

a. Every optical system has one point 
where the light bundie from an axial ob- 
ject point suffers its maximum restriction; 
this point is the aperture stop of the 
system. 

b. The image of the aperture stop as 
seen from the object space is called the 
entrance pupil; its image as seen from the 
final image space is called the exit pupil. 

c. The ratio of size of the entrance pupil 
to exit pupil is equal to the magnification 
of the instrument. 


5. Vignetting. Still considering L; the 
aperture stop of the system, the objective 
itself needs to be sufficiently large for the 
full light beam for point P to enter and 
get through the system. When the ob- 
jective is too small, part of the bundle will 
be cut off, as shown in Fig. 17, and vi- 
gnetting results. The exit pupil for off- 
axis point P will show that only part of 
L; is filled with light, and will look as 
shown at the right in Fig. 17. 

In all instruments of high magnification, 
the exit pupil is smaller than the pupil of 
the eye. But the vignetting that arises 
from this is seldom objectionable, since 
the eye is relatively insensitive to small 
differences in light intensity; in fact, vi- 
gnetting up to about 50 per cent of the 
pupil area is not readily noticeable. Most 
optical instruments exhibit vignetting of 
about this magnitude. 


6. Location of Pupils. Clearly, pupils 
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BUILD YOUR OWN 
TELESCOPE 


KITS: Complete with instructions, high 
quality materials, supplied at low prices. 
Plate — $4.00 up Pyrex — $5.50 up 
Lenses Cells 
Prisms Eyepieces 
Mirrors ground to your order. 
Aluminizing — with the new 
Quartz Coating 
Satisfaction or Money Refunded 


Write for Free Catalog 


GARTH OPTICAL COMPANY 
130 Garth Rd. Scarsdale, N. Y. 


Photoelectric 


IMAGE CONVERTER 


Converts invisible infrared light col- 
lected by your telescope to visible green 
image, enabling you to study celestial 
objects by their long wave-length radia- 
tions. See article by A. G. Smith, p. 
323, Sky and Telescope, October, 1953. 
Complete, ready to use, with power supply, 
cables, image tube (which may have very 
minor imperfections not seriously affecting 
performance), infrared filter, and mount- 
ing tube. Fits over eyepiece holders of 
2” O.D. or less. 115 volts, 60 cycles. 


Price $87.50 f.o.b. Boston, Mass. 


Quantity limited. Send check or 
money order or write for more information. 


INDUSTRIAL SCIENTIFIC CO. 
22 Elmore Street, Arlington 74, Mass. 
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| Astronomical Telescope 


-Inch 
Be ectic 40x 80x 
Objective. $29.95 


Sturdy Metal 
Tube. 40°’ long. 


See the craters on 
e moon, sunspots, 
the satellites of Jupi- 
ter, and other won- 
ders of the sky. 
40-mm (1 6-inch) achro- 
matic objective; com- 
pound eyepiece yields 40x 
and 80x magnification. 
Complete with adapter 
to fit any camera tripod ; 
and sun glass for observ- 
ing sunspots. 


WILMOT SALES CORP. 
151 West 28th St. New York 1, N. Y. 
















Telescope 
Mirrors 


Finest quality Pyrex mirrors, 

6- to 16-inch, aluminized and 

quartz overcoated. Elliptical 

Pyrex diagonals, minor axis 

1 to 21!/. inches. 

Imperfect mirrors refigured 
Optical specialties 










Each mirror figured by 
Thomas R. Cave, Jr. 


CAVE OPTICAL COMPANY 


4137 E. Anaheim St. 
Long Beach 4, California 














TELESCOPE DRIVES 


The Mark III, Deluxe Model, 
Sidereal Telescope Drive is 
now available. 


Entirely new design. Bodine 
synchronous motor, automatic 
clutch, right ascension circle, 
two indicators, etc. Precision 
fabrication. 


Write for free information 
and photographs 


H & W OPTICAL CO. 


4358 Kenyon Ave., Venice, California 


FSCO PRODUCTS™"; 
MIRROR POLISHING KIT MP-1 


Big Bargain Kit Supplies you with more 
than enough material to grind and 
polish a reflector telescope mirror. 
KIT J ig: Mirror Blank and_ Glass 
CONTAINS: oo) (Curves Roughed in 
both) ; Templates; Complete Assortment Emer- 
les packed in 5 sealed cylinders; ample quan- 
tity optical polishing pitch; fast polishing 
cerlum oxide; detailed instructions with dia- 
grams; inspection lens for examining mirror. 
We eliminate tedious hours of roughing in your 
own curves. Our Kits contain blanks with 
curves generated —- No rough Emery Required! 
KIT PLATE 4” $4.50 PYREX 8” $14.00 
SIZES PLATE 5” 7.00 PYREX 10” 25.00 
) PYREX 6” 9.00 PYREX 12” 40.00 
We Ship Express Collect Anywhere. 
, _. Send Check with Order or C.O.D. 
Send for 1954 Catalog — Listing Complete 
Telescope Kits and Accessories 

ESCO PRODUCTS Factory: 
ae HOBOKEN 
Visit our Showroom—Open Sat. until 3:00 P.M. 
134 West 32nd St., Rm. 204-E, N. Y. 1, N. Y. 





























the simplest of all erecting telescopes, 
not widely used. 
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TRIPLES “SCOPE 
si PERFORMANCE! 
























































°o P = 

| | | , Sharper images at higher powers! 
eek A startling statement positively 

K 3 proven in 16-page telescopic educa- 


tional matter sent free on receipt of 
self-addressed long envelope bear- 


Fig. 18. Showing the position of the ing nine cents (9c) return postage. 


exit pupil in a Galilean telescope. 


First, the Goodwin Resolving Power lens 
placed in front of eyepiece gives three 


7. Field Lenses. In July, it was pointed times the magnification on each by 
out that in Equation 1 (where d and d’ ay ae te de ee os ce ee 
are the respective distances of image and piece out no more than two inches from 
object from a lens of focal length f) if normal. This alone sharpens definition. 
d is zero, d’ must also be zero. Thus, Next, by greene | root Sees yowere 
object and image coincide when both are or gy ig yy fnnge  deteutneations 
at the lens itself. This is the basis of the Soninan Glee Se Prec 
fundamental principle that a lens may be pieces are f/1 or less. 
placed directly in the focal plane of another Third, you get greater illumination and 
lens without any first-order effect on the wider field by relieving tiny aperture 
image formed by that lens. In other words, a oe 
a field lens may be placed at any point The Resolving Power lens is achro- 
in our system where an image is formed, matic, coated, gives flat field sharp 
whether by the objective or by other to the edge. Here is astonishment 


in image improvements! Price 


intermediate lenses, and have no primary $17.50 in 4” long chrome-plated 


effect on the image-forming system. But adapter tube fitting standard 1%” 
such a lens would not be in an image eyepiece holders ONLY (but adapt- 
plane of the pupil-forming system, and able to Unitrons). Money back if 
it follows that this lens provides a very not delighted after two weeks trial! 
powerful means of controlling the loca- No COD’s — Colleges and Observa- 
tions of the pupils. tories may send purchase order. 


This can be made clear by two examples, 
of which the first is the ordinary telescope 
in Fig. 19A. Here there is no field lens. 
The exit pupil is the image of the objective 
lens, and the eye relief, or distance from 
eyepiece to exit pupil, is approximately 


equal to the eyepiece focal length. - 
‘ rey: New Low Prices on PYREX 


to _* ___, ne || Reflecting Telescope Kits 


The most complete kits 
on the market. 


i ees ee gale te In addition to the usual supply of 
2 Oo} _¥_ je Fa abrasives, rouge, etc., you get the 
le new, fast-polishing cerium oxide to 
save hours of work. 
: . You can get a brass diagonal 
Fig. 19. How adding a field lens to “ holder (spider) for only $1.00 addi- 
telescope gives greater eye relief. tional if ordered with a telescope kit. 
Prices quoted below are for a Gen- 
uine Pyrex telescope blank and a 
plate glass tool. 


FRANK GOODWIN 
345 Belden Ave., Chicago 14, Ill. 


























Now put a negative lens in the focal 
plane, as in Fig. 19B. This lens forms a 





virtual image of the objective at O’, much PYREX MIRROR KITS 
closer to the eyepiece than the objective Diameter Thickness Price 
itself. Therefore, the eye lens forms the | 4Yj,” 3,” $ 5.50 
exit pupil farther behind the eyepiece, in- | 6” | $ 8.00 
creasing eye relief. The eyepiece must | 8” 1,” $11.00 
now be made larger in diameter to accom- 10” 1%/,” $19.00 
modate the new exit pupil position, but 12\/2 21g $35.50 
this is a small price to pay when a large PLATE GLASS KITS 
eye relief is desired, as in a gun sight or | 6” 1” $ 5.50 
: | . 
rifle scope. : ; P | 7” 1” $ 6.75 
Our second example will be given in the | 8” 1” $ 8.00 
March installment. | PRISM .. 61/.” long, 1%,” face .. $3.25 
(To be continued) || PRISM .. 51/2” long, 11/2” face .. $1.85 





Postage Paid to Ist and 2nd postal zones from 
N. Y. Add 5% 3rd and 4th zones, 10% 5th 


GLEANINGS is always ready to re- and 6th zones. Add 15% 7th and 8th zones. 


ceive reports and pictures of amateur 
instruments and devices, and is open 


for comment, contributions, and ques- DAVID WILLIAM WOLF 


tions from its readers. 74 Hunnewell Ave. Elmont, L. I, N. Y. 


Send for free catalog of optical supplies. 
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HEAVY DUTY ASTRONOMICAL 
TELESCOPE TRIPOD 
Features: 1. Cast alumi- 
num machined head, dia. 6”. 
Max. height 27-7/8”. 2. 
Mounting plate slotted for 
easy mounting of Equatorial 
mounts or almost anything 
you need to mount on tripod. 
3.—Unique slotting arrange- 
| \ ment underneath plate keeps 
| square headed bolts from 
U turning. (See drawing.) 4. 
- Tripod head can be pur- 
chased without legs or mounting plate. 5. — Will 
support telescopes or what have you up to 400 Ibs. 
Stock 770,027-Y Complete tripod including head 





mounting plate and legs .......... $28.00 Pstpd. 
Stock #70,028-Y Tripod head alone (make your 
ee rr rrr $12.50 Pstpd. 


Stock #70,029-Y Adapter Plate .... $5.50 Pstpd. 


” 


New! 2 in 1 Combi- 
nation! Pocket-size 
50 POWER 
= 


an 
10 POWER 
TELESCOPE 


$450 


postpaid 





Useful Telescope and Micro- 
scope combined in one a- 
mazing, precision instru- 
ment. Imported! No larger 
than a fountain pen. Tele- 
scope is 10 power. Micro- 
scope magnifies 50 times. 
Sharp focus at any range. 
Handy for sports, looking 
at rare objects, just plain 
snooping. 
Order Stock #30,059-Y 
$4.50 Postpaid 
Send check or M. O. 


Satisfaction Guaranteed! 





NEW 30 POWER 
TELESCOPE 
COMPLETE WITH 
TRIPOD 
Unusual Bargain Price 
Imported! All metal body 

focuses from approx. 


40 ft. to infinity. Achro- 
matic objective; 40 mm, 
dia. ; outside surface low- 
reflection coated. Smooth 


slide 


Eye-lens 


focusing eyepiece. 
outside surface 
system. Images right side 
up. Sturdy tripod 814” high. Can be used also for 
camera. Maximum feng rth 2614”. Barrel diameter 
approximately 1%”. Wein 11g Ibs 

Stock 770,018-Y Only $21. 95 Postpaid 


TELESCOPE HOLDER Threads into any stand- 
ard camera tripod. Any diameter telescope up to 
3” easily and firmly attached by means of sturdy 






















coated. Lens erecting 











straps with convenient tightening buckles. Full 
swivel. 

et | ga re $3.50 Postpaid 

FOCUSING EYEPIECE MOUNT 

Made of brass. Will take a 

standard 1144” outer diameter 

b eyepiece. Will fit tubes from 3” 

dia. upwards by changing thickness of wooden 

wedges. Spiral focus travel 1-9/16”. Easily at- 

taches to your telescope with 4 screws and nuts. 


Stock 350,019-Y 


TELESCOPE EYEPIECE 
matic lenses F.L. 28 
Stock #5140-Y 


$7.95 Postpaid 





- Consists of 2 Achro- 

mm, in a metal mount. 

err rer Tere $4.50 Postpaid 

Same as above but about 114” extension has been 

added with O.D. of 114”, which is standard for 

astronomical telescopes, 

PE, GON |. vitcesetanieneneee $5. 25 .25 Postpaid 
ASTRONOMICAL 
MIRROR MOUNTS 

Cast aluminum with brass 

mounting and _ adjusting 

screws and mirror clamps. 

Two sizes: for 6” mirrors 

— mount will fit 7” I.D. 

tube: 


mount 





Stock #50,010-Y 
For 414” mirror 
Stock 350,011-Y 


$7.00 Postpaid 
will fit 5” I.D. tube: 
$5.25 Postpaid 
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UNUSUAL OPTICAL BARGAINS 


WOW! FOR THE FIRST TIME! 


EDMUND PRESENTS 








Never Before 


| aaa 


Has There 
Been Available an Instrument 
of Such Fine Quality at 

Such Amazingly LOW PRICE! 


The Most Sensational Offering in Years, ,, 


STAR 
—| SPECTROSCOPE 


AT 75 











FITS STANDARD 
EVEPIECE 














EYE PIECE 


YOUR TELESCOPE 





5S PRISMS 





DOUBLES 





sinPotass Zee"! THE 
® | USEFULNESS 
EYE 


OF YOUR 
TELESCOPE 


STAR 
SPECTROSCOPE 








THE STAR SPECTROSCOPE MAY BE 
USED WITH THE FOLLOWING 


HUYGENS-TYPE 


ASTRONOMICAL EYEPIECES 


Imported! Mounted! Fine qual 


cision machined throughout. 


outside diameter. 
Stock + F.L. 
30,063-Y 6 mm. (14”) 


12.5 mm. (14”) 
10 & 20 mm. 


30,064-Y 
30,065-Y 


(With Stock 730,065-Y you have a choice 
lenses. 
and black finish.) 


of 2 
tions 


rearranging 
Chrome 


powers by 
included. 


ity - 


Price Pstpd. 
7.5 


- pre- 
Standard 114” 


Direc- 


this STAR SPECTROSCOPE is 


In our opinion, 

easily a $100 value, but since we were able to 
obtain this instrument from a_ famous, high- 
quality Japanese manufacturer, we are able to 


offer it to you at only $32.75 postpaid. Will open 
whole new fields of fascinating exploration and 
research. Study cosmic physics! Determine the 
chemistry of stars! Detect invisible gases thru 
dark-line spectra. Direct vision. 5 prisms, 3 cy- 
lindrical lens caps. Threaded to fit our Huygens 
type astronomical eyepieces (as listed to left) or 
you can adapt to your own eyepiece, Unit is 2°” 
‘ong, comes in protective velvet-lined case. 
Stock #50,023-Y . . . Star Spectroscope ... 
$32.75 Postpaid 


6.00 
8.00 











BRASS ASTRONOMICAL 
TELESCOPE SPIDER 
This is a 4-legged spider 
superior to the 3-legged type, 
as you will get less obstruc- 
tion effects. Adaptable to 
telescope tubes from 5” in- 
side dia. to 9” inside dia. 
You can use either mirror or 
prism. Plate is on 45° 
angle and measures 1%” x 
2”, Instructions for mount- 

ing included. 
Stock #50,025-Y $4.25 pp. 





COMET TELESCOPE 


For Astronomical and Terrestrial Use! A $150 Value Only $75.00 


Achromatic 
focal length 
tion. 


pod 


and mounting - 
wooden case included. 
Stock #70,009-Y 


objective diameter 42 mm, (clear aperture), 

750 mm. 19X, 38X, 75X for astronomical observa- 

25X terrestrial observation. Image is erect. Sturdy tri- 

leg length 51144”. Beautiful walnut-finished 
Instruction sheets supplied. 

$75.00 F.O.B. Barrington, N, J. 


ILLUSTRATED INSTRUCTION BOOKLETS 


Easy to follow—accur:te—8% x 11 page size—many illustrations. 





Do-it-yourself—Save! and have Fun! Price 
Stock # Pass 
How to Build PROIMMORE a:v0 ks cncntneceeenws 9014-Y 
RITE SUI, 6 66 o.9-k.0.0:009:6.0:0."0-000 0.6% 0c 9006-Y ie 
Method to Clean Precision Optics ............ 9024-Y 25e 
PNG TIBOR 5 6. 0:0. 8.6.5 cewis vewaneexcees 9018-Y 30e 
NEW — JUST ISSUED 
Homemade Stereo-Adapters ............eee00- 9032-Y 30e 
Homemade Stereo-Viewers ........sseeeeeees 9034-Y 30e 
Photo Micrography with Pen Microscope .... 9029-Y 10e 
DIAS NOUR 6.55 a. 65.4 ccekihccewsenes users 9035-Y 20¢ 
CMIOOUIO  PRUNND o.6 6 skisids o:cains codessddnats 9031-Y lie 
Homemade Telephoto Systems .............. 9036-Y 60e 





BARGAINS 


in all America. 
for FREE CATALOG “Y” 





GALORE! Get FREE CATALOG “Y” 


If you haven’t seen our big, FREE Catalog, you don’t know what you’re missing. Fan- 
tastic variety—never before have so many 
components been offered from one source. 
Imported! Domestic! Telescopes! 
Prisms, Lenses, Reticles, a and dozens of other hard-to-get optical items. 


lenses, prisms, optical instruments, and 
Positively the greatest assembly of bargains 
Microscopes! Hand Spectroscopes, 
Write 








Order by Stock Number... Send Check or Money Order... Satisfaction Guaranteed! 


=EDMUND SCIENTIFIC CORP. 


BARRINGTON 
NEW JERSEY 
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TOTAL LUNAR ECLIPSE 


JANUARY 18-19, 1954 








This diagram shows the passage of the moon through the southern part of the 
earth’s shadow during this month’s lunar eclipse. The times are taken from 


” 


the “American Ephemeris, 
graphical construction. 


and the angles of contact are obtained from the 
Chart by Edward Oravec. 


Tue ToraL Eciips—E oF THE MOON ON JANUARY 18 - 19 


HE ONLY TOTAL eclipse of the 
moon this year may be observed 
throughout the United States and Canada 
on Monday night, January 18th. The en- 
tire eclipse will be visible during evening 


while in the umbra appears a copperish 
color, but its hue changes as the eclipse 
progresses. Useful observations that can 
be made during totality include noting 
the visibility of various lunar features, and 





hours, though on the West Coast the watching for possible lunar meteor flares, 
phenomenon will have begun before’ for which confirmation by independent 
moonrise. The total duration will be five observers is desirable. Observations of 


times of beginning and ending of totality 
are also desirable, and these can be made 
to an accuracy of % minute or better with 


hours 44.5 minutes, but totality will last 
only half an hour. Expressed in terms 
of the moon’s diameter as a unit, the 
magnitude of the eclipse is 1.037, and the 
moon will be 240,300 miles distant, ap- 


small telescopes. 
The following schedule is adapted from 


pearing 30’ 51” in diameter. At that dis- the American Ephemeris. All times are 
tance, the earth’s umbra is about 80’ in’ p.m., January 18th, except for the last 
diameter, but the moon will not enter event in Eastern standard time, which 
deeply into the shadow. For some ob- occurs at 12:24 a.m., January 19th. 


pe 6th-magnitude stars will be EST CST MST PST 
ae ee Moon enters penumbra 6:40 5:40 4:40 3:40 
will be inconspicuous, although some Moon me —_ phos wigs a vie 
darkening may be noticed close to the Total — ae pe . 7.4 soe 
border of the umbra. How dark the um- Total eclipse ends 9:47 8:47 pap 1 6:4 
bra will appear is unpredictable, for this Moon leaves umbra 11:14 10:14 9:14 oii 
will depend largely on conditions in the Moonleavespenumbra 12:24 11:24 10:24 9:24 


earth’s atmosphere. Generally, the moon EDWARD ORAVEC 





Early stages in the lunar eclipse of July 26, 1953, photographed by Leon E. 
Salanave, of the Morrison Planetarium. On Mt. Diablo, in California, at an 
elevation of 2,900 feet, exposures were made at five-minute intervals, from 
left to right, the first at 2:30 am. PST. The moon entered the umbra between 
the first and second images. Exposures were 1/125 second at f/11 on Ansco 
Isopan emulsion, without filter through a Wollensak 15-inch telephoto lens. 
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BAUSCH 
-& LOMB 


BALSeope SR 





Bausch & Lomb BALscopeg, Sr. is 
a highly precise, compact 60mm 
telescope. A deserved favorite for 
beginning astronomers, it also 
serves the advanced field as an 
adequate commercial version of 
a richest field telescope. Choice 
of four eyepiece powers as listed 
below. (With any of the three 
lower-power eyepieces, BAL- 
scope, Sr. is also an outstanding 
general observation terrestrial 
telescope.) 














Eyepiece Exit Pupil Angular 
power diameter field 
15xX 4.0mm 2°40’ 
20X 3.05mm y aff 
30X 2.0mm 1°28’ 
60 1.0mm 0°33 

BALscope, Sr. with 15, 

20, 30 or 60 eyepiece $9 500 
Extra eyepieces, each........ 25.00 
Tripod adapter (permits use 

of BALscope, Sr. with any 
pan-head cameratripod)... 6.85 


WRITE for descriptive folder. Bausch 
& Lomb Optical Co., 25825 Lomb 
Park, Rochester 2, N. Y. 
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MINIATURE MERCURY VAPOR 
LAMP 


This miniature mercury 
vapor lamp has a special 


wvlulliny, 







» & glass housing to permit 
= S free passage of the 1849A 
= = and 2537A lines. Pro- 
S - vides good supply of 
a Ss short wave _ ultraviolet. 
ws May be used also for 

q Pry germicidal or ozone gen- 
erating purposes. Many 

colleges are using it as a monochromatic 
light source (mercury yellow 5780A, green 
5461A and blue 4358A line filters needed ). 
Lamp supplied complete with socket anu 


instructions. 
Your price $1.95 
Extra Powerful Lamp 


FLUORESCENT PIGMENTS 


6 for $11.00 
$2.50 each 





Brightest glowing, basic concentrated phos- 
phors, no inert ingredients. Available _in 
many colors. Red, White, Blue, Green, Y el- 


low and Orange. Mix with clear lacquer for 
painting. . 
SAMPLE SIZE (specify color) 35c each 
COMPLETE SAMPLE KIT (6 colors) $1.75 
ONE OUNCE BOTTLES (specify ah rs 
50c ea 


COMPLETE 1 oz. KIT (6 colors) $3.00 





No. 2444 POCKET DIFFRACTION 
SPECTROSCOPE 


This is a very convenient pocket 
spectroscope for general labora- 
tory and experimental use. Diffrac- 
tion grating used for maximum 
spectrum definition. Protected by a 
glass cover to prevent dust from 
entering. An adjustment for ac- 
curately focusing the spectrum is 
provided. A scientific instrument. 
Available for the first time in small size. 

No, 2444. Pocket Spectroscope, in leather case. 


Special Price $12.50 








SNOOPERSCOPE 
TUBE 

See in the Dark 
These are  govern- 
ment released British 
snooperscope tubes 
which employ the 
special simplified de- 
sign, making  con- 
struction of experi- 
mental models possible with simple hand tools. 
Highly sensitive, they provide a bright clear 





image of invisible infrared and ultraviolet 
rays. Also useful as infrared (invisible) 
photocells. With complete hookup instructions. 


Supply Limited! Special $14.95 


PRISM SPECTROSCOPE 








Used for very weak light analysis as it con- 
tains a set of five optically ground prisms for 


maximum light transmission. Passes several 
times more light than diffraction types. Ad- 
justable slit and focusing make this an ideal 
laboratory instrument. The Model 2459 has a 
comparison prism for standardizing. Perfect 
for tests of filters, glow lamps, chemical com- 
positions. Comes in beautiful lined case, 

Prism Spectroscope, Model 2458........ $49.50 


Prism Spectroscope, Model 2459........ 52.95 


NEW REVISED-ENLARGED 
SNOOPERSCOPE BOOK 
Chuck full of interesting informa- 
tion, pictures, diagrams and hook- 
up instructions showing in detail 
Infrared Telescopes, Snooperscopes, 
Sniperscopes, etc., that permit clear 
vision in total darkness by means of infrared 
energy (heat waves). One of the few books 
of its kind. Special Price $1.50 


NEW CATALOGUE . . Send today for 
our latest enlarged, revised 16 page catalogue 
of new scientific and electronic supplies. In- 
cludes literature and construction data on in- 
frared instruments, 10c. FREE with purchase 
of any above item. Shows hundreds of scien- 
tific items. 


PRECISE COMPANY 


942 Kings Highway, Dept. ST-1 
Brooklyn 23, N. Y. 














JUPITER’S SATELLITES 


Jupiter’s four bright moons have the positions 
shown below for the Universal time given. The 
motion of each satellite is from the dot to the 
number designating it. Transits of satellites over 
Jupiter’s disk are shown by open circles at the 

| left, eclipses and occultations by black disks at 
| the right. The chart is from the American 
Ephemeris and Nautical Almanac. 





JANUARY 





Phases of the Eclipses of the Satellites 


Bi 
° 
r 


d 





=e 





E No Eclipse 





Configurations at 4* 30" 





Weet | Rast 


| 








é 
0) 32 OF 4 
7 : 
2 















































OCCULTATION PREDICTIONS 


January 9-10 Kappa Piscium 4.9, 23:43.5 
+ 1-00.2, 5, Im: A 0:42.0 .. .. 348; C 0:29.0 
—0.2 +2.8 4; F 0:01.9 +0.3 +4.0 355. 

January 20-21 Pi Leonis 4.9, 9:57.8 +8- 
15:9) 16; ims £12020)... 1250: 

January 28-29 Alpha Scorpii 1.2, 16:26.6 
—-26-19:9, 24, Im: H 19:573 —1.5 —24 
128. 


For standard stations in the United States and 
Canada, for stars of magnitude 5.0 or brighter, 
data from the American Ephemeris and the 
British Nautical Almanac are given here, as fol- 
lows: evening-morning date, star name, magni- 
tude, right ascension in hours and minutes, decli- 
nation in degrees and minutes, moon’s age in days, 
immersion or emersion; standard station designa- 
tion, UT, a and b quantities in minutes, position 
angle on the moon’s limb; the same data for each 
standard station westward. 

The a and b quantities tabulated in each case 
are variations of standard-station predicted times 
per degree of longitude and of latitude, respective- 
ly, enabling computation of fairly accurate times 
for one’s local station (long. Lo, lat. L) within 200 
or 300 miles of a standard station (long. LoS, 
lat. LS). Multiply a by the difference in longitude 
(Lo — LoS), and multiply b by the difference in 
latitude (L— LS), with due regard to arithmetic 
signs, and add both results to (or subtract from, 
as the case may be) the standard-station predicted 
time to obtain time at the local station. Then 
convert the Universal time to your standard time. 

Longitudes and latitudes of standard stations 


are: 

A +72°.5, +42°.5 E +91°.0, +40°.0 
B +73°.6, +45°.6 F +98°.0, +31°.0 
C +77°.1, +38°.9 G +114°.0, +50°.9 
D +79°.4, +43°.7 120°.0, T3ee0 


H 
I +123°.1, +49°.5 





UNIVERSAL TIME (UT) 


TIMES used on the Observer’s Page are Greenwich 





civil or Universal time, unless otherwise noted. 
This is 24-hour time, from midnight to midnight; 
times greater than 12:00 are p.m. Subtract the 
following hours to convert to standard times in 
the United States: EST, 5; CST, 6; MST, 7; 
PST, 8. If necessary, add 24 hours to the UT be- 
fore subtracting, and the result is your standard 
time on the day preceding the Greenwich date 
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PATH OF CERES 


The above chart shows the path of 
Ceres, Asteroid 1, from January 1 to July 
15, 1954, to the same scale as that for 
Pallas published last month. Ceres will 
brighten from magnitude 7.6 in January to 
7.2 at opposition on April 3rd, and then 
fade to 8.1 in July. The chart is a tracing 
by Edward Oravec from the Skalnate 
Pleso atlas, to show stars brighter than 
magnitude 7.75. Other objects, such as 
the numerous Coma-Virgo galaxies, are 
omitted. The AAVSO “a” field chart of 
R Virginis, a long-period variable, shows 
comparison stars for estimating the bright- 
ness of Ceres. 





ZURICH SUNSPOT NUMBERS 


The Zurich daily sunspot numbers 
given below were furnished by the Na- 
tional Bureau of Standards. The Ameri- 
can numbers are suspended pending the 
reorganization of the Solar Division of 
the American Association of Variable 
Star Observers. Meanwhile, it is hoped 
that these Zurich numbers will give am- 
ateur solar observers a standard with 
which to compare their observations. 
The American and Zurich sunspot num- 
bers last appeared in Sky and Telescope 
for September, 1953. 

July i, 0; 2; 7: 3-5, 0;:6, 7; 7,77 Ba 
9, 9: 10, 20; 11, 22; 12, 16; 13, 23; 14,28 
15, 40; 16, 19; 17, 16; 18, 21; 19, 11; 2 
8; 21, 14; 22-31, 0. 

August 1; 0; 2, 7; 3, 12; 4, 12; 3,46 
6, 10; 7, 16; 8, 10; 9, 29; 10, 48; 11, 73; 
12, 77; 13, 733. 14, 65; 15, 62; 16, 54; 14 
47; 18, 31; 19, 26; 20, 24; 21, 17; 22, 10; 
23, 8; 24-31, 0. 

September 1, 0; 2, 0; 3, 7; 4, 0; 5, 7; 
6, 7: 7, 9; 8, 24; 9, 23; 10, 27; 11, 32; 12, 
29; 13, 18; 14, 30; 15, 43; 16, 42; 17, 38; 
18, 38; 19, 34; 20, 17; 21, 25; 22, 16; 23, 9; 
24, 15; 25, 14; 26, 14; 27, 0; 28, 9; 29, 7; 
30, 9. 3 

HARRY L. BONDY 
43-58 Smart St. 
Flushing 55, N. Y. 





MOON PHASES AND DISTANCE 


New smoGhai. 6.56064 January 5, 2:21 
First quattet: ..4:50:.%3 January 12, 0:22 
Frailimoon: cscs. ccs es January 19, 2:37 
Teast Guanten\s\s.s:3<5s0: January 27, 3:28 
NeW: MOOK .ci0 as: February 3, 15:99 

January Distance Diameter 
Perigee 10, 10" 229,800 mi. 32’ 19" 
Apogee 25, 12" 251,500 mi. 29' 32 

February . 
Perigee 6, 6" 226,600 mi. 32’ 46 
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THE SUN, MOON, AND PLANETS THIS MONTH 


The sun, on the ecliptic, is shown for the beginning and end of the month. 
The moon’s symbols give its phase roughly, with the date marked alongside. 
Each planet is located for the middle of the month and for other dates shown. 


Sun. An annular eclipse of the sun 
takes place on January 5th, visible only 
in the antarctic regions. The path of an- 
nularity comes close to the South Pole; 
except for this fact, the eclipse will be of 
little interest. 

Moon. As described on page 99, there 
will be an eclipse of the moon on January 
18-19. 

Mercury passes superior conjunction 
with the sun on January 14th, entering 
the evening sky, and the planet is invis- 
ible all month. 

Venus reaches superior conjunction on 


the 30th, and cannot be viewed until 
March. 
Mars rises five hours before the sun 


and is on the meridian in the southern 
sky by sunrise. The ruddy planet is mov- 
ing eastward through Libra, passing 1° 
17’ south of Saturn on January 2nd. Its 
stellar magnitude is +1.4 in mid-month; 
the planet steadily increases its bright- 
ness until opposition in June. 

Jupiter is the brilliant yellowish object 
high on the meridian in the evening. Shin- 
ing at magnitude —2.2 in mid-January, 


the planet is in retrograde motion in east- 
ern Taurus. On the 15th, the equatorial 
diameter will be 46”; Jupiter with its 
satellites is an excellent object for the 
small telescope. 
Saturn comes to western quadrature 
with the sun on January 29th, rising 
shortly after midnight. The planet ap- 
pears at magnitude +0.8 on the 15th, 
moving slowly eastward in Libra. The 
rings present an inclination of 18°.7 on 
that date, with a longest diameter of 37”.6. 
Uranus is in opposition to the sun on 
January 11th and may be viewed with 
the slightest optical aid throughout the 
night. This distant planet is located about 
516° east of Delta Geminorum; it is mov- 
ing westward, in retrograde motion. 
Neptune, visible after midnight with 
the assistance of binoculars, comes to 
western quadrature on January 16th. An 
interesting conjunction with the 5th- 
magnitude star 82 Virginis occurs about 
the 28th of the month. Neptune will be 
about 30” south of the star for several 
nights, as it begins retrograde motion on 
the 28th. E. O 





DEEP-SKY WONDERS 


N SOME RESPECTS it is unfortunate 

that the most interesting parts of the 
Milky Way lie in the hemisphere of the 
sky opposite from the most densely pop- 
ulated areas of our earth. The observer 
in the United States who would delve into 
southern declinations must watch for the 
lew rare evenings when the atmosphere 
is not hazy or moisture laden, when the 
air 1s actually free of all trace of cirrus— 
unnoticed at the zenith, but a distinct 
handicap near the horizon. Then he may 
dip into the tempting riches of Vela, Pyxis, 
and Puppis. This month, on a moonless 
night just after the passage of a cold 
‘ront, try the clusters below Sirius, and 
especially the following, which are little 
known to amateurs. 
_ NGC 2539, at 8" 8™.4, —12° 40’ (1950), 
Sa bright, loose cluster 21 minutes of arc 
in diameter, containing over 150 stars 
between the 10th and the 13th magnitudes. 


Both Smyth and Webb mention it, and 
because 19 Puppis lies in the same field it 
is easy to locate. 

NGE 2627, at 8* 35.5; --20" 46, is 
smaller, eight minutes in diameter, with 
perhaps half a hundred stars from mag- 
nitudes 11 to 13. It lies south-preceding 
Zeta Pyxidis and almost in the same field. 
On a perfect night, under powers of 50 
to 100, it is a magnificent starburst which, 
were it farther north, would be a favorite 
object of stargazers. 

Much more difficult is NGC 2784, 9° 
10™.1, —23° 58’, a nebula of magnitude 
11.8, three by one minutes in size. It is 
the merest blot of nebulosity. Probably 
a spiral, it is about as close to the Milky 
Way as we usually ever see external gal- 
axies; in fact, it probably suffers from 
some obscuration. I will be happy to hear 
from any reader who has observed this 
object, especially from someone in low 
latitudes. 

WALTER SCOTT HOUSTON 


MERCURY W 

MARS A 
SATURN @ 
NEPTUNE @N 


VENUS § 
JUPITER a 
URANUS @U 

PLUTO @P 





SKY-GAZERS EXCHANGE 


Classified advertising costs 10 cents a word, 
including address; minimum charge $2.50 per 
ad. Remittance must accompany order. Inser- 
tion is guaranteed only on copy received by the 
20th of the second month “te Se publication: 
otherwise, insertion will be made in next avail- 
able issue. We cannot acknowledge classified 
ad orders. Sky Publishing Corporation as- 
sumes no responsibility for any statements 
made in the classified column, nor for the 
uality of merchandise advertised. Write Ad 
on Sky and Telescope, Harvard Observa- 
tory, Cambridge 38, Mass. 


ASSEMBLED TELESCOPES. 
focal length. Light weight, rigid, main tube; 
rack-and-pinion aluminum casting holding 
ocular and diagonal; achromatic objective 7x 
finder scope; cast aluminum rings, brass ad- 
justing screws; saddle unit, equatorial mount- 
ing, and sturdy tripod. All cast aluminum black 
krinkle finish; aluminum skids, Shipped any- 
where express collect, completely assembled and 
adjusted, ready for immediate use. Special at 
$125.00. Thoroughly guaranteed. Send check, 
money order, or order C.O.D. Esco Products, 
134 oie 32nd St., New York 1, N. Y. Room 
204-B. 


METEORITES: Genuine visitors from space. 50c, 
$1.00, $2.00, $5.00, and $10.00. Atomiscope and 
radium disk shows atomic bombardment, “‘spar- 
kling scintillation,’’ $1.80. Laboratory, 2846 Oak- 
ley Ave., Baltimore 15, Md. 


FOR SALE: 6”, f/8, equatorially mounted re- 
flecting telescope with slow motion, setting cir- 
cles, guide telescope, sun screen holder, and 4 
eyepieces focused by rack and pinion. $325.00. 
Write Milburn Guillory, 1752 Marye St., Alex- 
andria, La. 


SPECIAL: New telescope mirrors, finest qual- 
ity, 6” and 8” pyrex mirrors, f/8 only, with 
elliptical pyrex diagonals, all aluminized and 
quartz overcoated, $60.00 and $92.50 each post- 











6” reflector, 75” 











paid. Everything 1/8 wave length, finest per- 
formance guaranteed. Rapid delivery. Cave 
Optical Ce., 4137 E. Anaheim St., Long Beach 
4, Calif. 





NORTON'’S “Star Atlas and Reference Handbook,” 
latest edition, $5.25; British Astronomical As- 
sociation’s “Handbook, 1954,” $1.50; Elger’s 
moon map, $1.75; Lovell-Clegg, “Radio Astron. 
omy,” $4.00; Orford-Lockett, ‘‘Lenswork for 
Amateurs,” $3.50. All domestic and foreign 
publications. Write for list. Herbert A. Luft, 
42-10 82nd St., Elmhurst 73, N. Y. 


REFRACTORS: 4” Bardou, Unitron, Sans and 
Streiffe. Complete with mounting and accesso- 
ries that make observation a pleasure. Quality 
plus aa Rasmussen and Reece, Amster- 











dam, N 
ASTRONOMY better introduced by planetarium 
than by telescope. Put a planetarium in your 
garage, as have in mine. Hand-operated 


“Simplex” planetarium projector outlines 50 
constellations, shows Magellanic Clouds, 2 ne»- 
ulae. Provision for showing ecliptic, planets, 
moon, sun at any date. Adjustment for latitude. 
Precession for 10,000 A.D. or 3,000 B.C. In- 
cludes arrow pointer and suggestions for dome, 
other effects. Shows midnight sun, Southern 
Cross, ete. Postpaid, less batteries, $89.00. R. 
H. Emmons, Prop., “The Star Barn,” 313 
Donner Rd., North Canton, Ohio. 
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ASTRONOMICAL INSTRUMENTS 
OF QUALITY 


Optical Instruments including 
standard Telescopes and all 
accessories. 


LABORATORY OPTICAL CO. 
Plainfield, N. J. 














[~~ EVERYTHING FOR THE AMATEUR 


TELESCOPE MAKER 


ist. Ee eee $4.50 and up 
ALUMINIZING 


Superior Reflecting Surface, Fine Finish, 
Will not Peel or Blister. Low Prices. 


Mirrors Prisms Send for 
Tested Eyepieces Free 
Free Accessories Catalog 


MIRRORS MADE TO ORDER 
SEND FOR FREE PRICE LIST 


Precision Optical Supply Co. 


1001 E. 163rd St., New York 59, N. Y. 











ALL SIZES... 
Astronomical Telescopes 
Binoculars 
Microscopes 

Amazing free 48-page 
8x11 Catalogue 


JOE’S BINOCULAR HOUSE 
4827 Second _Blvd., Detroit 1, Mich. 

















COMET ABELL 


A new comet has been found at the 
Palomar Observatory by George O. 
Abell, on a photograph taken with the 
48-inch Schmidt camera on October 15th. 
A preliminary orbit computation by Dr. 
Leland E. Cunningham, of the Univer- 
sity of California, shows that the comet 
will pass perihelion in July, 1954. 
At that time the new comet, now a 
faint 15th-magnitude object in the con- 
stellation Camelopardalis, may become 
bright enough to be seen in small tele- 
scopes. Dr. Cunningham’s orbit, however, 
is based on observations extending over 
only five days, so that accurate predic- 
tions for next summer are not yet pos- 


sible. 





MINIMA OF ALGOL 

The period of Algol’s light variations is 
subject to small changes that are only 
partly understood, and so cannot yet be 
foretold. Therefore the best way to pre- 
dict the times of coming minima is by 
carrying forward a recent accurately ob- 
served epoch of minimum, with the aid 
of an average value of the period. The 
predictions listed below are based upon 
a minimum observed photoelectrically at 
the Cracow Observatory, Poland, by S. 
Piotrowski, at Julian Day 2433928.4944, 
and the average period of 2.86731 days. 
Last year’s ephemeris of Algol was com- 
puted from older data and, if extended, 
gives times about 17 minutes earlier than 
these. The predictions given here are 
geocentric and not heliocentric; they are 


the times that would be seen by a terre. 
trial observer, and so may be compare; 
directly with the observed minima, _ 

January 3, 4:12; 6, 1:00; 8, 21:49, 1; 
18:39; 14, 15:28; 17, 12:17; 20, 9:06; 23 
5:55; 26, 2:44; 28, 23:34; 31, 20:23. Feh. 
ruary. 3; 27:12. 





VARIABLE STAR MAXIMA 


January 1, V Bootis, 142539, 7.9; 1, RT 
Sagittarii, 201139, 7.9; 2, T Herculis 
180531, 8.0; 5, T Cassiopeiae, 001755, 78. 
8, RR Sagittarii, 194929, 6.6; 10, X Cen. 
tauri, 114441, 7.8; 17, R Cygni, 193449, 
7.3; 21, R Leporis, 045514, 6.7; 31, R 
Virginis, 123307, 6.9. February 6, RS 
Scorpii, 164844, 6.8. 


These predictions of variable star maxima are 
by the AAVSO. Only stars are included whog 
mean maximum magnitudes are brighter than 
magnitude 8.0. Some, but not all of tem, are 
nearly as bright as maximum two or three weeks 
before and after the dates for maximum, The 
data given include, in order, the day of the month 
near which the maximum should occur, the star 
name, the star designation number, which gives 
the rough right ascension (first four figures) and 
declination (bold face if southern), and the pre. 
dicted magnitude. 


JANUARY METEORS 


During the first week of January, on 
of the better annual meteor showers maj 
be seen. The Quadrantids, with predict- 
ed rates of 30 to 40 per hour, after mid- 
night, come to maximum on the 3rd o/ 
the month. The radiant is in northern 
Bootes, at R. A. 230°, Dec. +52°. The 
meteors are of medium speed. The mooi 
will be near new and will not interfere 
with observations. E. 0 











Planetarium Notes 


BALTIMORE: Davis Planetarium. Mary- 
land Academy of Sciences, Enoch Pratt Li- 
brary Building, 400 Cathedral St., Baltimore 
1, Md., Mulberry 2370. 

SCHEDULE: 4 p.m. Monday, Wednesday, and 
Friday; Thursday evening, 7:45, 8:30, 9:30 
p.m. Admission free. Spitz projector. Director, 
Paul S. Watson. 

BUFFALO: Buffalo 
Planetarium. Humboldt 
N. Y., GR-4100. 

ScHEDULE: Sunday, 2:00 to 5:30 p.m. Ad- 
mission free. Spitz projector. 

CHAPEL HILL: Morehead Planetarium. 
University of North Carolina, Chapel Hill, 
N.C, 

SCHEDULE: 
and Sunday at 3:00 p.m. 
Manager, A. F. Jenzano. 

CHARLESTON, W. VA.: Hillis Townsend 
Planetarium. Public Library Building, Charles- 
ton, W. Va. 

ScHEDULE: Saturday, 11:15 a.m. 
showings on request. Admission free. 
projector. Director, Louise L. Morlang. 

CHEROKEE, IA.: Sanford Museum Plane- 
tarium. Sanford Museum, 117 E. Willow St., 
Cherokee, Ia. 

ScHEDULE: Monday, 8 p.m. (except August). 
Admission free. Spitz projector. Director, 
W. D. Frankforter. 

CHICAGO: Adler Planetarium. 900 E. Ach- 
sah Bond Drive, Chicago 5, Ill., Wabash 1428. 

ScuepuLe: Mondays through Saturdays, 11 
a.m. and 3 p.m.: Sundays, 2:00 and 3:30 p.m. 
Zeiss projector. Director, Wagner Schlesinger. 


Science 


Buffalo, 


Museum of 
Parkway, 


Daily at 8:30 p.m.; Saturday 
Zeiss projector. 


Special 
Spitz 


KANSAS CITY: Kansas City Museum 
Planetarium. 3218 Gladstone Blvd., Kansas 
City 1, Mo., Chestnut 2215. 

ScHEDULE: Saturday, 3:00 p.m.; Sunday, 


3:00 p.m. Spitz projector. Director, Charles 
G. Wilder. 

LOS ANGELES: Griffith Observatory and 
Planetarium. Griffith Park, P. O. Box 27787, 
Los Feliz Station, Los Angeles 27, Calif., 
Olympia 1191. 

ScHEDULE: Wednesday, Thursday, and Fri- 
day at 8:30 p.m.; Saturday and Sunday at 3 
and 8:30 p.m.; extra show on Sunday at 4:15 
p.m. Zeiss projector. Director, Dinsmore Alter. 

NASHVILLE: Sudekum Planetarium. Chil- 
dren’s Museum, 724 2nd Ave. S., Nashville 
10, Tenn., 42-1858. 

ScHEDULE: Sunday, 2:45, 3:30, 4:15. Spitz 


projector. Supervising lecturer, James C. 
Foster. 
NEWARK: Newark Museum Planetarium. 


49 Washington St., Newark 1, N. J., Mitchell 
2-0011. 

ScHEDULE: Saturday, 2 and 3 p.m.; Sunday, 
2:15 and 3:15 p.m.; Wednesday, 8 p.m. Spitz 
projector. In charge, Ray Stein. 

NEW YORK CITY: Hayden Planetarium. 
81st St. and Central Park West, New York 24, 
N. Y., Trafalgar 3-1300. 

ScHEDULE: Mondays through Fridays, 2, 
3:30, and 8:30 p.m.; Saturdays, 11 a.m., 2, 3, 
1, 5, and 8:30 p.m.; Sundays and holidays, 2, 
3, 4, 5, and 8:30 p.m.; Wednesdays and Fri- 
days, 11 a.m., for school groups. Zeiss projec- 
tor. General manager, J. M. Chamberlain. 

PHILADELPHIA: Fels Planetarium. Frank- 
lin Institute, 20th St. at Benjamin Franklin 
Parkway, Philadelphia 3, Pa., Locust 4-3600. 

ScHEDULE: Tuesdays through Sundays, 3 
p.m.; Saturdays, 11 a.m.; Saturdays, Sundays, 
and holidays, 2 p.m.; Wednesdays, Fridays, 
and Saturdays, 8:30 p.m. Zeiss projector. Di- 
rector, I. M. Levitt. 

PITTSBURGH: Buhl Planetarium and In- 
stitute of Popular Science. Federal and West 
Ohio Sts., Pittsburgh 12, Pa., Fairfax 4300. 

ScHEDULE: Mondays through Saturdays, 


2:15 and 8:30 p.m.: Sundays and _ holidays, 
3:15 and 8:30 p.m. Zeiss projector. Director, 
Arthur L. Draper. 

PORTLAND, ORE.: Oregon Museum oj 
Science and Industry Planetarium. 908 N.E. 
Hassalo St., Portland 12, Ore., East 3807. 

ScHEDULE: ‘Saturday, Sunday, and Wednes 
day, 4:00 p.m.; Tuesday, Thursday, and Fri: 


day, 8:00 p.m.; Saturday show for children | 
Director. | 


only, 10:30 a.m. Spitz projector. 
Stanley H. Shirk. 

PROVIDENCE: Roger Williams Planetar- 
ium. Roger Williams Park Museum, Provi: 
dence 5, R. I., Williams 1-5640. 

ScHEDULE: Wednesday at 3:30 p.m.; Satur 
day at 10:30 a.m., 2:30 and 3:30 p.m.; Sur- 
day, 2 to 5 p.m. Admission free. Spitz pro 
jector. Director, Maribelle Cormack. 

SAN FRANCISCO: Morrison Planetarium. 
California Academy of Sciences, Golden Gate 
Park, San Francisco 18, Calif., Bayview 1-510. 

ScHEDULE: Daily (except Monday and Tues 
day) at 3:30, 7:30, and 9 p.m.; also at 2 p.m 
on weekends and holidays. Academy projecto’. 
Manager, George W. Bunton. 

SPRINGFIELD, MASS.: Seymour Plane 
tarium. Museum of Natural History, Spring 
field 5, Mass. 

ScHEDULE: Tuesdays, Thursdays, and Satur 
days at 3 p.m.; Tuesday evenings at 8 p.m: 
special star stories for children on Saturdays 
at 2 p.m. Admission free. Korkosz project! 
Director, Frank D. Korkosz. 

STAMFORD: Stamford Museum Planeta 
ium. Courtland Park, Stamford, Conn. 


ScHEDULE: Sunday 4:00 p.m. Admission 
free. Spitz projector. Director, Ernest T. 
Luhde. 

ST. PETERSBURG: Rice Planetarium. 


4700 Lakeview Ave., St. Petersburg, Fla. 

ScHeDULE: Daily, 10:30 a.m., 2:30 and 8 
p.m.; Sunday, 2:30 p.m. Spitz projector. Di- 
rector, Laban Lacy Rice. 


Oe 
————, 
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MAGNITUDES 





FIRST 
phat » GALAXIES @ 
VD e OPEN CLUSTERS 
THIR 
7) a GLOBULAR CLUSTERS 3 
FOURTH + 
phe OIFFUSE NEBULAE °o 
VARIABLE OO JANUARY South 30° HORIZON MERE RAMs OGRE eS 


The sky as seen from latitudes 30° to 50° north, at 9 p.m. and 8 p.m. local time, on the 7th and 23rd of January, respectively. 


STARS FOR JANUARY ee ; as 
sky, situated in Canis Major, the Great regular fashion. In some years it appears 


URING January evenings, the most Dog. Following the line of Orion’s belt as bright as Rigel, and in other winters 
4/ striking of the constellations is upward leads to the orange Ist-magnitude as faint as Aldebaran. These variations 
Orion, the Hunter. High in the south- star Aldebaran, in Taurus, the Bull. are attributable to a slow pulsation of the 
eastern sky, it is easily recognized by the Even at first glance, the contrast in star, as it expands and contracts in a six- 
compact row of three 2nd-magnitude stars color between the bluish-white Rigel and year cycle. 
forming Orion’s belt, flanked north and the reddish Betelgeuse is apparent. The Rigel is the most distant of the Ist- 
south by Betelgeuse and Rigel, respec- latter is a much cooler star than Rigel; it magnitude stars, save for Deneb and for 
tively, is the brightest example of the red super- Canopus in the southern sky. This fact, 
giants, a vast tenuous orb of gas so large coupled with Rigel’s great apparent bril- 
that the earth’s orbit could easily be hid-  liance, places it among the intrinsically 
most luminous stars visible to the eye. 


ward to Sirius, the brightest star in the 3etelgeuse varies in brightness in semi- 
g § i 


Once Orion is located, some neighbor- 
a constellations are readily picked out. 
hus the stars of the belt point down- den inside it. Like other red supergiants, 
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UNITRON 


4-INCH EQUATORIAL REFRACTOR 


$785 


ALTAZIMUTH: 4-INCH, $465; 


3-INCH, $265 


3-INCH PHOTOGRAPHIC EQUATORIAL $5 50 


LNITED SCIENTIFIC ‘ 


UNITRON Leads in Value and Quali: 


The Most Complete 


Selection of Telescopes 
Ever Offered! 


Unbelievably low prices! Out- 
standing features, performance, 
and workmanship impossible 
to duplicate even by paying 
considerably more. 





e LENSES are FULLY CORRECTED for 
spherical and chromatic aberration and are 
COATED for maximum brilliance and 
clarity of image. AIR-SPACED CELL 
insures freedom from “‘clouding’’ with age. 


® EYEPIECES of the HIGHEST QUAL- 
ITY . Orthoscopic, Achromatized 
Ramsden, ” Huygens. 


e FINEST MATERIALS throughout. 
DURALUMINUM TUBE. Moving parts of 
BRASS carefully machined to close toler- 
ances, and finished in CHROMIUM 


@ MODERN DESIGN based on time-tested 
engineering principles HANDSOME AP- 
PEARANCE to which no illustrations can 
do justice. 


@ STURDY. TRIPOD may be folded for 
convenient storage. 


@ EQUATORIAL MODELS have §slow- 
motion controls for both declination and 
right ascension. 


e ALTAZIMUTH 
motion controls for 
azimuth. 


@ VIEW FINDER with crosshair eyepiece 
gives wide field of view. 


@ RACK-AND-PINION FOCUSING. 


@ STAR DIAGONAL for convenience in 
observing at all altitudes. 


@ SUNGLASS for solar observation. 


@ ERECTING PRISM SYSTEM for TER- 
RESTRIAL OBSERVATION may be used 
with any of the eyepieces ta give the same 
complete range of terrestrial magnifications 
as for celestial observatior., 


e FITTED WOODEN CABINET, hand- 
somely finished, for compact storage of 
telescope and accessories, Separate case 
for the tripod. 


MODELS have §slow- 
both altitude and 


EASY PAYMENT PLAN 


UNITRON refractors may be purchased 
on an easy payment plan. Write for details. 


All Instruments Fully Guaranteed 


Send check or money order or 25% 
deposit with balance C.O.D. 


Telescopes shipped Express Collect 
NEW CATALOG AVAILABLE! 


If you have not already received your copy, 
we shall be glad to rush one to you. 
models are illustrated and fully described. 
A special section contains valuable informa- 
tion to help you choose a telescope. Learn 
why the most wanted telescope in America 
today is a UNITRON. Don’t miss the fine 
winter observing. Write for your free cata- 
log at once. 


Please address your card or letter to the 
attention of Dept. TC-1. 


Microscope catalog also available. 









UNITRON 





i) 


ALTAZIMUTH .... $] 






1.6-INCH 


UNIT 







2.4-INCH ALTAZIMUTH 


> UNIT! 





24-INCH EQUATORIAL ..$22 


UNIT 


% 


3-INCH EQUATORIAL .... $49 


©. 204-6 MILK $7 
BOSTON 9, MASS 





~ ppntnct Cy a 
a 





